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Zusammenfassung 
Vor dem Hintergrund des Klimawandels ist die Senkung der von Menschen hervorgerufenen CO2-
Emissionen in den letzten Jahren zu einem der weltweit zentralen Themenfelder geworden. In 
diesem Kontext werden Elektrofahrzeuge als ein vielversprechender Lösungsansatz zur 
Verringerung der CO2-Emissionen im Transportsektor diskutiert und ihr Einsatz im Straßenverkehr 
im Rahmen zahlreicher nationaler Initiativen vorangetrieben.  
Elektrofahrzeuge weisen eine Reihe von Spezifika gegenüber konventionellen Fahrzeugen 
auf, aus denen verschiedene Herausforderungen für den Fahrer entstehen. Eine in diesem 
Zusammenhang zentrale Eigenschaft ist die vor dem Hintergrund von vergleichsweise langen 
Ladedauern und einer eingeschränkten Verfügbarkeit von Lademöglichkeiten begrenzte 
Reichweite. Zudem wird mit der Elektrifizierung des Verkehrs auch das im Fahrkontext bisher 
ungewohnte Konzept der Elektrizität mit seinen elektrischen Einheiten wie Watt und Ampere 
eingeführt. Zusätzlich steht mit der Rekuperationsfunktion ein neues System zur Verfügung, das 
dem Fahrer eine aktive Energierückgewinnung während Verzögerungsvorgängen ermöglicht. Die 
Aufgabe der Verkehrspsychologie ist es dabei, die aus diesen spezifischen Eigenschaften und 
neuen Systemen entstehenden Bedürfnisse und Anforderungen der Fahrer im Zusammenspiel mit 
dem Fahrzeug und der Fahrumgebung in den Mittelpunkt zu stellen. Aus den gewonnenen 
Erkenntnissen können entsprechende Empfehlungen und Maßnahmen abgeleitet werden, die der 
Verbreitung sowie der sicheren und effizienten Nutzung dieser Technologie dienlich sind. In 
diesem Sinne leistet auch die vorliegende Arbeit einen Beitrag, indem vor dem Hintergrund der 
spezifischen Eigenschaften und neuen Systeme von Elektrofahrzeugen Implikationen für die 
Nutzerschnittstelle, die veränderte Fahraufgabe sowie motivationale Aspekte abgeleitet werden. 
Dies geschieht vor allem im Hinblick auf die Energieeffizienz, die im Elektrofahrzeug einen 
besonderen Stellenwert besitzt. 
Das erste Forschungsziel der Dissertation bestand in der nutzerzentrierten Untersuchung 
der Nutzerschnittstelle im Elektrofahrzeug sowohl generell vor dem Hintergrund der besonderen 
Merkmale dieses neuen Transportmittels als auch spezifisch basierend auf der Interaktion der 
Fahrer mit der begrenzten Reichweite dieser Fahrzeuge. Aus den Ergebnissen wurden konkrete 
Informationsbedarfe der Nutzer jenseits eines gewissen Informationsstandards deutlich, die in 
einem Anforderungskatalog zusammengefasst wurden, dessen Inhalte vor allem die 
Bedeutsamkeit der energieeffizienten Interaktion mit dem Elektrofahrzeug unterstreichen. Zudem 
zeigten sich Probleme der Nutzer hinsichtlich der Verständlichkeit des Konzepts von Elektrizität im 
Fahrkontext, besonders im Hinblick auf elektrische Einheiten, die eine Darstellung des 
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Energieverbrauchs in der vertrauten und handlungsrelevanten Einheit Kilometer nahelegen. 
Ausgehend von den Ergebnissen der Evaluation der Anzeigen durch die Nutzer wurden diejenigen 
Prinzipien der Schnittstellengestaltung (Wickens, Lee, Liu, & Gordon-Becker, 2004) identifiziert, 
die im Kontext von Elektrofahrzeugen besondere Relevanz besitzen. Eine transparente und 
zuverlässige Darstellung der Wirkfaktoren auf den Energieverbrauch sowie konkreter 
Handlungsmöglichkeiten des Fahrers zur Senkung des Energieverbrauchs kann helfen, Nutzer in 
ihrem Anpassungsprozess an das elektrische Fahren zu unterstützen und Unsicherheitsgefühle in 
der Interaktion mit der begrenzten Reichweite zu reduzieren.  
Die Untersuchung der Kompetenz zum energieeffizienten Fahren und assoziierter Lern- 
und Transferprozesse beim Fahren eines Elektrofahrzeugs waren Gegenstand des zweiten 
Forschungsziels. Aufeinander aufbauende Untersuchungen zeigten, dass unerfahrene 
Elektrofahrzeugnutzer ihr Wissen über energieeffiziente Fahrstrategien beim Wechsel vom 
Verbrenner- zum Elektrofahrzeug anpassen und dieses Wissen mit zunehmender 
Elektrofahrzeugerfahrung weiter zunimmt. Sowohl unerfahrene als auch erfahrene 
Elektrofahrzeugnutzer waren in der Lage, durch die Anwendung effektiver Verhaltensstrategien, 
wie etwa einer moderaten Beschleunigung und einer effizienten Nutzung der 
Rekuperationsfunktion, den Energieverbrauch des Elektrofahrzeugs zu senken. Dies weist auf die 
Übertragung von Fertigkeiten im Umgang mit dem Verbrenner- auf das Elektrofahrzeug im Sinne 
eines positiven Transfers (Fitts & Posner, 1967) hin. Die Wirksamkeit einer wissensbasierten 
Intervention blieb auf einen positiven Effekt hinsichtlich des Wissens über energieeffiziente 
Strategien sowie positivere Einschätzungen der Kompetenz zum energieeffizienten Fahren 
beschränkt. Um die Kompetenz zum energieeffizienten Fahren auch hinsichtlich einer 
verbesserten Umsetzung energiesparender Verhaltensstrategien und einer daraus resultierenden 
besseren Perfomanz, also einem niedrigeren Energieverbrauch, zu unterstützen, kann die 
zusätzliche Implementierung von fertigkeitsbasierten, praktischen Komponenten hilfreich sein.    
Neben der Kompetenz eines Fahrers, energieeffizient zu fahren, sind für das tatsächliche 
Fahrverhalten vor allem auch motivationale Faktoren relevant (Hatakka, Keskinen, Gregersen, 
Glad, & Hernetkoski, 2002; Rothengatter, 1997; Summala, 2007). Diese motivationalen Aspekte 
energieeffizienten Fahrens mit dem Elektrofahrzeug wurden im Rahmen des dritten 
Forschungsziels näher beleuchtet. Dabei unterstreichen die gefundenen mittleren bis starken 
Zusammenhänge zwischen den untersuchten rationalen (Ajzen, 1991) und hedonischen, also 
spaßbetonten, Motiven und dem beobachteten Fahrerverhalten die Bedeutung der 
motivationalen Komponente im Kontext energieeffizienten Fahrens. Zudem implizieren die 
Ergebnisse eine teilweise höhere Motivation zum energieeffizienten Fahren mit dem Elektro- im 
Vergleich zum Verbrennerfahrzeug; ein Potenzial, das möglichst voll ausgeschöpft werden sollte. 
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Neben wichtigen rationalen Motivatoren kann hier vor allem das hedonische Motiv, also die 
Betonung von Spaß und Freude, beispielsweise bei der Gestaltung von Nutzerschnittstellen 
genutzt werden, um energieeffizientes Fahren nicht nur als zweckdienlich hinsichtlich der 
potenziellen Verlängerung der Reichweite, sondern auch als für den Nutzer positiv erlebbar zu 
machen.    
Die Ergebnisse der Dissertation verdeutlichen aus verkehrspsychologischer Sicht eine 
zentrale Bedeutung der Monitoringebene der Fahraufgabe (Hollnagel & Woods, 2005) im 
Elektrofahrzeug, also eine hohe Relevanz des Abgleichs von Informationen aus der Umwelt mit 
dem aktuellen Betriebszustand des Fahrzeugs. Hier kommt der Gestaltung der Nutzerschnittstelle 
als einem zentralen Stellglied zur Vermittlung situationsspezifischer, transparenter sowie 
handlungsrelevanter Informationen für den Fahrer eine besondere Bedeutung zu. 
Zusammenfassend unterstreichen die Befunde der Dissertation die zentrale Bedeutung 
einer energieeffizienten Interaktion mit dem Elektrofahrzeug. Unter diesem Fokus weisen die 
Ergebnisse konkrete Möglichkeiten auf, wie der Fahrer durch eine geeignete Gestaltung der 
Nutzerschnittstelle beim energieeffizienten Fahren unterstützt und die Verständlichkeit der 
Darstellung von Informationen zum Energieverbrauch erhöht werden kann. Zudem zeigen die 
Ergebnisse, dass Anpassungsprozesse hinsichtlich der Kompetenz zum energieeffizienten Fahren 
notwendig sind und wie sich diese zu Beginn der Elektrofahrzeugnutzung sowie mit zunehmender 
Elektrofahrzeugerfahrung entwickeln. Gleichzeitig weisen die Untersuchungen zur motivationalen 
Komponente energieeffizienten Fahrens auf ein erhöhtes Potenzial von Elektrofahrzeugen hin und 
betonen sowohl rationale und hedonische Motive als wichtige Faktoren im Zusammenhang mit 
energieeffizientem Fahren, die zugleich auch vielversprechende Ansatzpunkte für eine weitere 
Steigerung der Nachhaltigkeit dieser „grünen“ Technologie darstellen. 
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Summary 
Against the background of climate change, the reduction of human-induced CO2 emissions has 
become one of the key issues world-wide during the last years. In this context, battery electric 
vehicles are discussed as a promising solution for the reduction of CO2 emissions in the 
transportation sector and their use in road traffic is expedited through numerous national 
initiatives. 
Battery electric vehicles exhibit a number of specific features compared to conventional 
vehicles which pose new challenges to the driver. In this connection, the most specific feature of 
battery electric vehicles is the limited range, which is specifically important given the limited 
availability of charging stations and currently long charging durations. Moreover, with the 
electrification of transportation the concept of electricity with its unfamiliar units like Watt and 
Ampere is introduced in the driving context. Additionally, the regenerative braking system offers 
the possibility to actively regain energy during deceleration manoeuvers. One task of traffic 
psychology is to focus on and investigate the drivers’ needs and requirements related to these 
specific features and the interaction with the vehicle and the environment. Based on the acquired 
knowledge, recommendations and measures can be derived, which could facilitate the adoption 
of battery electric vehicles as well as the efficient and safe usage of this technology. In that sense 
the contribution of the present dissertation is to derive implications for the design of the user 
interface, the changed driving task, and regarding motivational aspects based on the specific 
features and new systems incorporated in battery electric vehicles. These issues are specifically 
considered in the light of energy efficiency which is of particular importance in the context of 
battery electric vehicles.  
The first research objective of the present dissertation was the user-centred evaluation of 
a driver interface generally against the background of the specific characteristics of battery 
electric vehicles as well as specifically based on drivers‘ interaction with the limited range. Based 
on the results, users’ needs for additional information became apparent, which were compiled in 
a taxonomy of user requirements and further highlight the relevance of energy-efficient 
interaction with battery electric vehicles. Furthermore, the results revealed difficulties for users’ 
in comprehending the concept of electricity in the driving context, specifically regarding electric 
units of measurement. Hence a presentation of energy consumption using the familiar unit 
kilometres, which has also practical relevance for the driving task, is recommended. Based on the 
evaluation results of the displayed information, design principles (Wickens, Lee, Liu, & Gordon-
Becker, 2004) which are specifically important in the context of battery electric vehicles are 
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derived. A transparent and trustworthy presentation of influencing factors on energy efficiency as 
well as drivers’ concrete opportunities for actions may support users in the adaptation process 
initiated when starting to use an electric vehicle and reduce feelings of uncertainty when 
interacting with the limited range. 
The eco-driving competence and associated processes of learning and transfer when 
driving a battery electric vehicle were examined within the scope of the second research 
objective. Investigations revealed an adaptation of eco-driving knowledge when starting to use a 
battery electric vehicle instead of a conventional vehicle. Additionally, the eco-driving knowledge 
increased with battery electric vehicle use. Both inexperienced and experienced battery electric 
vehicle drivers were able to reduce the energy consumption of the battery electric vehicle by 
applying effective eco-driving strategies, such as accelerating moderately or using regenerative 
braking for deceleration manoeuvers. That implies the transfer of drivers’ eco-driving skills from 
conventional to battery electric vehicles in terms of a positive transfer (Fitts & Posner, 1967). The 
effectiveness of an implemented knowledge-based intervention to enhance the eco-driving 
competence of inexperienced battery electric vehicle users was limited to an increase in drivers’ 
eco-driving knowledge and more positive subjective assessments of their eco-driving competence. 
In order to enhance users’ eco-driving competence also regarding eco-driving behaviour and 
performance (i.e. reduced energy consumption) the implementation of supplemental skill-based 
components might be effective.  
Beside a driver’s eco-driving competence, motivational aspects are important 
determinants of driving behaviour (Hatakka, Keskinen, Gregersen, Glad, & Hernetkoski, 2002; 
Rothengatter, 1997; Summala, 2007). The third research objective aimed to shed light on 
motivational aspects of battery electric vehicle eco-driving. In this regard the obtained medium-
sized to strong correlations between rational (Ajzen, 1991) and hedonic (i.e. fun-oriented) motives 
and normal driving behaviour underline the relevance of motivational components in the context 
of eco-driving. Moreover, results indicate a to some extent higher motivation to drive efficiently 
with battery electric compared to conventional vehicles – a potential which should be fully 
exploited. Beside important rational motivators, hedonic values – i.e. feelings of pleasure or joy – 
could be used to experience eco-driving positively in terms of enjoying to efficiently interact with 
battery electric vehicles rather than merely prolonging the vehicle‘s range. 
From the perspective of traffic psychology the results of the dissertation emphasise the 
relevance of the monitoring layer of the driving task (Hollnagel & Woods, 2005) in battery electric 
vehicle use, which is characterised by a permanent comparison of the environment and the 
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vehicle state. In this connection the design of the user interface is of specific relevance in terms of 
providing transparent, situation-specific, and action-oriented information to the driver. 
In sum, findings of the dissertation highlight the specific relevance of an energy-efficient 
interaction with battery electric vehicles. Focussing on this issue, results show concete 
possibilities to design the user interface of battery electric vehicles in a way to support the driver 
in eco-driving and to improve the comprehensibility of associated energy consumption 
information. Moreover, results reveal that adapation processes in terms of eco driving 
competence from internal combustine engine vehicles to battery electric vehicles occur and shed 
light on the deveopment of eco-driving competence with battery electric vehicle experience. 
Additionally, investigations concerning motivational aspects of eco-driving imply an increased 
potential of battery electric compared to conventional vehicles. Both rational and hedonic 
motives are important factors that are linked to battery electric vehicle eco-driving, which 
supplementary represent promising possibilities to further enhance the sustainability of this 
inherently „green“ technology. 
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1 Einleitung 
Vor dem Hintergrund des Klimawandels ist die Senkung von Emissionen in den letzten Jahren zu 
einem der weltweit zentralen Themenfelder geworden, das Wissenschaft und Politik 
gleichermaßen beschäftigt. Dabei stellt der Transportsektor mit einem Anteil von etwa 22% des 
weltweiten CO2-Ausstoßes (International Energy Agency, 2010) einen wesentlichen Ansatzpunkt 
dar. In diesem Kontext werden Elektrofahrzeuge1 als eine vielversprechende Möglichkeit für eine 
nachhaltige Mobilität erachtet. Eine Nutzung von regenerativen Energien vorausgesetzt, können 
durch Elektrofahrzeuge zum einen dauerhaft Emissionen gesenkt und zum anderen eine größere 
Unabhängigkeit von Erdöl erlangt werden (King et al., 2010). Nicht zuletzt auch aufgrund 
vielfältiger nationaler Initiativen, wie beispielsweise in Norwegen (Figenbaum & Kolbenstvedt, 
2013), Deutschland (Die Bundesregierung, 2010) oder den USA (California Air Resources Board, 
2012), wird die Elektrifizierung, besonders des Individualverkehrs, immer weiter vorangetrieben 
und die Rolle dieser neuen Technologie für die Mobilität von morgen gestärkt. 
Um das Potenzial von Elektrofahrzeugen voll auszuschöpfen, müssen nicht nur 
notwendige technische Voraussetzungen, wie etwa eine funktionierende Ladeinfrastruktur, 
geschaffen, sondern auch die Belange potenzieller Nutzer dieser Technologie einbezogen werden. 
Aufgabe der Verkehrspsychologie ist es in diesem Zusammenhang, die Bedürfnisse und 
Anforderungen aus Nutzerperspektive im Zusammenspiel mit Fahrzeug und Fahrumgebung in den 
Mittelpunkt zu stellen. Aus den gewonnenen Erkenntnissen können entsprechende Empfehlungen 
und Maßnahmen abgeleitet werden, die der Verbreitung sowie der sicheren und effizienten 
Nutzung dieser Technologie dienlich sind. In diesem Sinn leistet auch die vorliegende Arbeit einen 
Beitrag, indem vor dem Hintergrund der spezifischen Eigenschaften und neuen Systeme von 
Elektrofahrzeugen Implikationen für die Nutzerschnittstelle, die veränderte Fahraufgabe sowie 
motivationale Aspekte abgeleitet werden. Dies geschieht vor allem im Hinblick auf die 
Energieeffizienz, die im Elektrofahrzeug einen besonderen Stellenwert besitzt. 
Bei der Einführung von neuen und nachhaltigen Technologien stellt die Integration von 
Bedürfnissen und Anforderungen potenzieller Nutzer bei der Gestaltung der Mensch-Maschine-
Schnittstelle einen zentralen Aspekt dar (Haslam & Waterson, 2013). Aus den spezifischen 
Eigenschaften und neuen Systemen von Elektrofahrzeugen gegenüber konventionellen 
Fahrzeugen erwachsen neue Anforderungen an die Gestaltung der Nutzerschnittstelle. Diese 
                                                          
1 Mit Elektrofahrzeugen sind in der vorliegenden Arbeit stets rein batterieelektrische (vollelektrische) 
Personenkraftwagen gemeint. Eine Übertragbarkeit der Aussagen auf andere Elektrofahrzeuge (z.B. Plug-in 
Hybride) ist häufig möglich. 
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sollte möglichst intuitiv verständlich und nutzerfreundlich gestaltet sein, um den Fahrer 
bestmöglich bei seinen Lern- und Anpassungsprozessen im Umgang mit der neuen Technologie zu 
unterstützen (vergl. McIlroy, Stanton, & Harvey, 2013). Dabei liegt der für den Nutzer wohl 
bedeutendste Unterschied zum Verbrennerfahrzeug in der begrenzten Reichweite von 
Elektrofahrzeugen. Diese Eigenschaft ist vor dem Hintergrund limitierter Lademöglichkeiten und 
vergleichsweise langer Ladedauern auch heute noch zentral. Aus diesem Grund ist eine gut 
verständliche und zuverlässige Anzeige der Informationen bezüglich der verbleibenden 
Reichweite und, verbunden damit, auch zur Energieeffizienz besonders wichtig. Durch die 
Einführung des Konzepts der Elektrizität in den Fahrkontext werden Fahrer vor eine neue 
Herausforderung gestellt. Sie müssen ungewohnte Einheiten der Elektrizität, wie Watt oder 
Ampere, in Beziehung zu den bisher bekannten setzen und eine Vorstellung davon entwickeln was 
ein Energieverbrauch von beispielsweise 17 kWh/100 km bedeutet. Die vorliegende Arbeit 
untersucht die durch die Spezifika von Elektrofahrzeugen entstandenen Anforderungen an die 
Gestaltung der Nutzerschnittstelle aus der Fahrerperspektive. 
Energieeffizientes Fahren, oder Eco-Driving, hat im Kontext von Elektrofahrzeugen neben 
der Maximierung des Umweltvorteils und der Schonung der wertvollen Batterieressourcen eine 
weitere zentrale Bedeutung. Im Sinne der bestmöglichen Ausnutzung der verfügbaren 
Batterieladung kann die Kompetenz des Fahrers zum energieeffizienten Fahren ein wichtiges 
Werkzeug im Umgang mit der begrenzten Reichweite sein. Im Vergleich zu konventionellen wird 
für Elektrofahrzeuge ein vergleichsweise großer Einfluss des Fahrstils auf die Energieeffizienz und 
das Energiemanagement betont (Hill, Blythe, & Suresh, 2010; Romm & Frank, 2006). So steht 
beispielsweise mit der Rekuperation ein neu integriertes System zur Verfügung, mit dessen Hilfe 
während des Verzögerungsvorgangs aktiv Energie zurück in die Batterie gespeist werden kann. 
Durch dieses neu integrierte System sowie weitere spezifische Fahrcharakteristika wird eine 
Anpassung des Fahrens vom Verbrenner- auf das Elektrofahrzeug notwendig (Cocron et al., 2013; 
Helmbrecht, Olaverri-Monreal, Bengler, Vilimek, & Keinath, 2014). Im Rahmen der Dissertation 
werden Lern- und Anpassungsprozesse hinsichtlich der Kompetenz zum energieeffizienten Fahren 
im Kontext von Elektrofahrzeugen näher beleuchtet. Dabei werden drei Komponenten der 
Kompetenz zum energieeffizienten Fahren betrachtet: (1) das Wissen über energieeffizientes 
Fahren, also theoretisches Wissen des Fahrers über effektive Strategien, um den Verbrauch zu 
senken, (2) das Verhalten, also die Fertigkeiten des Fahrers für die konkrete Umsetzung von 
energiesparenden Fahrstrategien, und (3) die daraus resultierende Performanz, das heißt die aus 
dem angewendeten Wissen und den entsprechenden Fertigkeiten des Fahrers resultierende 
Energieeffizienz als ein messbarer Indikator für die Kompetenz eines Fahrers, energieeffizient zu 
fahren.  
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Die Kompetenz des Fahrers hinsichtlich eines bestimmten Verhaltens ist nur eine 
Determinante tatsächlichen Fahrerverhaltens. Eine weitere wichtige Einflussgröße stellen 
übergeordnete Ziele und Motive des Fahrers dar (Hatakka, Keskinen, Gregersen, Glad, & 
Hernetkoski, 2002; Rothengatter, 1997; Summala, 2007). Sie sind entscheidende Faktoren, die 
letztlich mitbestimmen, in welchem Ausmaß die vorhandene Kompetenz zum energieeffizienten 
Fahren in bestimmten Fahrsituationen zum Tragen kommt. Daraus folgt der dritte wichtige 
Bestandteil der vorliegenden Arbeit, die Untersuchung von motivationalen Aspekten im 
Zusammenhang mit energieeffizientem Fahren im Kontext von Elektrofahrzeugen.  
Die nachfolgenden Abschnitte der Synopse geben zunächst einen Überblick über aktuelle 
Befunde der verkehrspsychologischen Forschung zu den untersuchten Forschungsgegenständen 
und die Einordnung dieser in bestehende Modelle der Verkehrspsychologie und Human-Factors-
Forschung (Abschnitte 2 bis 4). Anschließend werden die Forschungsziele der vorliegenden Arbeit 
erläutert (Abschnitt 5) sowie der methodische Rahmen der Dissertation vorgestellt (Abschnitt 6). 
In Abschnitt 7 werden die wesentlichen Befunde der Arbeit diskutiert und kritisch reflektiert 
bevor in Abschnitt 8 Implikationen hinsichtlich der untersuchten Forschungsziele abgeleitet 
werden.  
Nach dieser Synopse schließen sich die vier Artikel an, die die Grundlage der kumulativen 
Dissertation bilden. Im Rahmen von Artikel 1 erfolgt die Darstellung der nutzerzentrierten 
Evaluation der Nutzerschnittstelle im Elektrofahrzeug mit besonderem Fokus auf den Anzeigen. In 
diesem Zusammenhang wird auch die Verständlichkeit des Konzepts von Elektrizität im 
Fahrkontext untersucht sowie basierend auf den Erkenntnissen wichtige Prinzipien der 
Schnittstellengestaltung (Wickens, Lee, Liu, & Gordon-Becker, 2004) für Elektrofahrzeuge 
abgeleitet. Artikel 2 enthält die Untersuchung der Kompetenz zum energieeffizienten Fahren von 
erfahrenen Elektrofahrzeugnutzern. Zudem wird der Lernprozess hinsichtlich der 
Wissenskomponente mit zunehmender Elektrofahrzeugerfahrung adressiert. Im Rahmen von 
Artikel 3 wird das Erleben und Verhalten im Umgang mit der begrenzten Reichweite als zentrale 
Eigenschaft von Elektrofahrzeugen untersucht und deren Bedeutung und Implikationen für die 
Gestaltung der Nutzerschnittstelle abgeleitet. In Artikel 4 erfolgt eine integrierte Darstellung 
beider Aspekte des energieeffizienten Fahrens: Sowohl die Kompetenz zum energieeffizienten 
Fahren und Transferleistungen unerfahrener Elektrofahrzeugnutzer als auch die motivationale 
Komponente energieeffizienten Fahrens werden untersucht. 
Die wesentlichen Bestandteile der vorliegenden Arbeit sind im Projekt MINI E Berlin 
powered by Vattenfall (Krems, 2011; Krems, Weinmann, Weber, Westermann, & Albayrak, 2013) 
entstanden. Artikel 1 bis 3 wurden basierend auf den erfassten Nutzerdaten in diesem Projekt 
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erstellt. Der vierte Artikel der vorliegenden Arbeit entstand im Rahmen einer weiteren Feldstudie, 
die im EU Projekt EVERSAFE (Cocron et al., 2014; Thomson, 2014) durchgeführt wurde. 
 
 
Artikel 1 - Neumann, I., & Krems, J. F. (2015). Battery Electric Vehicles – Implications for the Driver 
Interface. Ergonomics. doi:10.1080/00140139.2015.1078914 
 
Artikel 2 - Neumann, I., Franke, T., Cocron, P., Bühler, F., & Krems, J. F. (2015). Eco-Driving 
Strategies in Battery Electric Vehicle Use – How do Drivers Adapt over Time? IET Intelligent 
Transport Systems 9(7), 746-753. doi:10.1049/iet-its.2014.0221 
 
Artikel 3 - Franke, T., Neumann, I., Bühler, F., Cocron, P., & Krems, J. F. (2012). Experiencing Range 
in an Electric Vehicle – Understanding Psychological Barriers. Applied Psychology, 61(3), 368-391. 
doi:10.1111/j.1464-0597.2011.00474.x 
 
Artikel 4 - Neumann, I., Cocron, P., Kreußlein, M., Wanner, D., Bierbach, M., & Krems, J. F. (2015). 
BEV Eco-Driving – Competence, Motivational Aspects, and the Effectiveness of Eco-Instructions. 
Manuscript submitted for publication. 
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2 Die Nutzerschnittstelle im Elektrofahrzeug 
Bei der Einführung von neuen und nachhaltigen Technologien wie Elektrofahrzeugen sollten die 
nutzerseitig entstehenden Bedürfnisse und Anfoderungen auch bei der Gestaltung der 
Nutzerschnittstelle Beachtung finden (Haslam & Waterson, 2013). Ein wesentliches Forschungsziel 
der vorliegenden Dissertation bestand in der nutzerzentrierten Evaluation der Nutzerschnittstelle 
im Elektrofahrzeug und der Ableitung von Gestaltungsempfehlungen. 
Die Definition der Nutzerschnittstelle im Fahrzeug ist dabei breit aufgestellt und umfasst 
im Prinzip alle Schnittstellen zwischen Fahrer und Fahrzeug. So schließt die Nutzerschnittstelle 
beispielsweise neben den Anzeigen und Bedienelementen im Armaturenbrett und der 
Mittelkonsole auch die Auslegung der Pedalerie, also im Elektrofahrzeug auch die Auslegung der 
Rekuperation, ein. In der vorliegenden Arbeit wurde hinsichtlich der Untersuchung der 
Nutzerschnittstelle ein besonderer Fokus auf die Gestaltung der Anzeigen, also der visuell 
dargestellten Informationen im Elektrofahrzeug, gelegt. Die entsprechenden Befunde werden in 
Abschnitt 7.1 erläutert und diskutiert. 
2.1 Spezifika von Elektrofahrzeugen und ihre Bedeutung für die Gestaltung der 
Nutzerschnittstelle 
Durch die besonderen Eigenschaften und neu integrierten Funktionen von Elektrofahrzeugen wird 
eine Anpassung der im Fahrzeug dargestellten Informationen notwendig. Eine intuitiv 
verständliche und informativ gestaltete Nutzerschnittstelle ist ein zentraler Einflussfakor für eine 
effiziente Interaktion mit einer Technologie wie dem Elektrofahrzeug (vgl. auch McIlroy et al., 
2013) und stellt gerade bei Nutzungsbeginn eine wichtige Voraussetzung für einen erfolgreichen 
und zügigen Anpassungsprozess des Fahrers dar.  
Die begrenzte Reichweite von Elektrofahrzeugen ist eine besonders zentrale Eigenschaft, 
die die Interaktion mit dem Elektrofahrzeug nachhaltig bestimmt (Franke & Krems, 2013). In 
diesem Zusammenhang wurde eine verständliche und zuverlässige Darstellung der assoziierten 
Informationen immer wieder betont (Lundström & Bogdan, 2014; Nilsson, 2011; Wellings, 
Binnersley, Robertson, & Khan, 2011). Eine maßgebliche Veränderung der Fahraufgabe wird durch 
die in Elektrofahrzeuge integrierte Rekuperation hervorgerufen (Cocron et al., 2013). 
Implementiert auf dem Gas- und/oder Bremspedal, bietet die Rekuperation die Möglichkeit 
während Verzögerungsprozessen aktiv Energie zurück zu gewinnen. Der visuellen Rückmelung 
hinsichtlich dieses Prozesses der Energierückgewinnung über die Anzeigen kommt dabei 
besonders für die Ausbildung eines korrekten mentalen Modells für effiziente 
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Rekuperationsstrategien eine wichtige Bedeutung zu (vgl. auch Kurani, Axsen, Caperello, Davies, & 
Stillwater, 2009). Eine weitere Herausforderung beim Wechsel vom konventionellen zum 
Elektrofahrzeug ist das Konzept der Elektrizität im Fahrkontext (Strömberg et al., 2011) mit seinen 
ungewohnten Einheiten, wie Watt oder Ampere, die der Fahrer im Bezug zur Fahraufgabe 
einordnen können muss. Abgeleitet aus diesen spezifischen Eigenschaften des Elektrofahrzeugs 
ergibt sich eine zentrale Bedeutung der Energieeffizienz und energiespezifischer Darstellungen in 
der Interaktion mit dieser neuen Technologie (Woodcock et al., 2012). Welche Informationen sind 
für den Kontext des elektrischen Fahrens relevant? Wie sollten energiebezogene Informationen 
dargestellt werden, so dass sie für den Fahrer einfach und verständlich sind? Welche 
Implikationen ergeben sich aus dem Erleben und Verhalten der Nutzer hinsichtlich der Interaktion 
mit der begrenzten Reichweite für die Gestaltung der Anzeigen? Diese und weitere 
Fragestellungen im Zusammenhang mit der Gestaltung der Nutzerschnittstelle wurden im 
Rahmen der Dissertation bearbeitet. 
Zu Beginn des Dissertationsvorhabens lagen keine Publikationen konkret zur Gestaltung 
der Nutzerschnittstelle im Elektrofahrzeug und nur wenige mit einem Bezug zur Interaktion der 
Nutzer mit der begrenzten Reichweite (z.B. Gärling, 2001; Golob & Gould, 1998) vor. Inzwischen 
wurden einige Studien publiziert, die sich mit der Evaluation der Anzeigen im Elektrofahrzeug aus 
Nutzerperspektive befassten. Diese Studien zeigten basierend auf qualitativen Daten kleiner 
Nutzerstichproben ähnlich zu den Ergebnissen vorangegangener Feldstudien (z.B. Golob & Gould, 
1998) eine hohe Wichtigkeit der Reichweiteninformation (Nilsson, 2013; Strömberg et al., 2011).  
Informationen, die in nahezu jedem Elektrofahrzeug dargestellt werden, sind der 
Ladezustand, die verbleibende Reichweite sowie Momentan- und Durchschnittsverbrauch 
(Wellings et al., 2011). Zusätzliche Informationsbedarfe oder Anforderungen an die 
Nutzerschnittstelle wurden inzwischen diskutiert, wie etwa die Integration intelligenter 
Navigation (Nilsson, 2011) oder eine verbesserte Darstellung von Informationen zum 
Energieverbrauch (Stillwater & Kurani, 2011; Strömberg et al., 2011). Woodcock et al. (2012) 
definierten in diesem Zusammenhang basierend auf der Analyse von Sekundärdaten die 
Reichweite, das Laden sowie energieeffizientes Fahren als wichtige übergeordnete 
Themenschwerpunkte für die Schnittstellengestaltung im Elektrofahrzeug. Neben der Ableitung 
von Anforderungen wurden unter anderem, teilweise auch unter Berücksichtigung von 
Nutzerfeedback, konkrete Anzeigenkonzepte sowie Systeme entwickelt (z.B. Loehmann, Landau, 
Koerber, & Butz, 2014; Lundström & Bogdan, 2014; Lundström, Bogdan, Kis, Olsson, & Fahlén, 
2012). Auch wenn diese Konzepte vielversprechende Lösungsansätze darstellen, so sind 
Ergebnisse von umfassenden nutzerzentrierten und alltagsnahen Testungen bisher weitgehend 
nicht publiziert. Im Rahmen der vorliegenden Dissertation wurde die nutzerzentrierte Evaluation 
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der Nutzerschnittstelle eines Elektrofahrzeugs (Artikel 1) sowie die Untersuchung der Interaktion 
von Elektrofahrzeugnutzern mit der begrenzten Reichweite (Artikel 3) durchgeführt und 
Implikationen für die Gestaltung der Nutzerschnittstelle abgeleitet.  
2.2 Designprinzipien für die Gestaltung von Nutzerschnittstellen 
Bei der Gestaltung von Nutzerschnittstellen sollten generelle Designprinzipien und -richtlinien 
Beachtung finden. Viele der bestehenden Richtlinien zur Gestaltung von Nutzerschnittstellen 
beziehen sich vorrangig auf die Mensch-Computer-Interaktion (z.B. Bevan, 2001) und sind nur 
begrenzt auf die Nutzerschnittstelle im Fahrzeug übertragbar. Wickens et al. (2004; vgl. auch 
Wickens, Hollands, Banbury, & Parasuraman, 2013) haben eine Reihe von Prinzipien der 
Displaygestaltung zusammengetragen, die im Kontext von Fahrzeugen anwendbar sind. Diese 
Designprinzipien werden analog wichtiger Prozesse der menschlichen Informationsverarbeitung 
(Wickens & Carswell, 2006) in vier Kategorien zusammengefasst: Prinzipien der Wahrnehmung, 
der Aufmerksamkeit, des Gedächtnisses und der mentalen Modelle (Wickens et al., 2004). 
Prinzipien der Wahrnehmung basieren direkt auf Prozessen der menschlichen 
Wahrnehmung. Ein Beispiel ist das Prinzip des Gewinns durch Redundanz (Principle of 
Redundancy Gain), demzufolge die mehrmalige Präsentation der gleichen Information auf 
verschiedene Art und Weise die Wahrscheinlichkeit erhöht, dass diese Information richtig 
verstanden wird. Die Relevanz des Vorwissens, der Erwartungen oder auch vorheriger 
Erfahrungen von Nutzern für die Interpretation dargestellter Informationen wird durch Prinzipien 
der mentalen Modelle aufgegriffen. Sie beruhen auf Normans Konzept des mentalen Modells 
(1983). Ein Beispiel für Prinzipien der mentalen Modelle ist das Prinzip der konfiguralen Anzeigen 
(Principle of Configural Displays; Sanderson, Flach, Buttigieg, & Casey, 1989), das einer 
Präsentation des darzustellenden Parameters analog seiner Erscheinung in der realen Umwelt 
entspricht. Gedächtnisprinzipien, wie beispielsweise das Prinzip der prädiktiven Führung (Principle 
of Predictive Aiding) oder das Prinzip der Konsistenz (Principle of Consistency) schenken der 
limitierten Kapazität des Arbeitsgedächtnisses Beachtung. Während das Prinzip der prädiktiven 
Führung (Principle of Predictive Aiding) eine Gestaltung der Anzeigen zur Unterstützung bei der 
Vorhersage künftiger Zustände von bestimmten Parametern empfiehlt, wird nach dem Prinzip der 
Konsistenz (Principle of Consistency) die Bedeutung der Anzeigengestaltung im Einklang mit 
anderen Anzeigen oder Systemen betont, die Nutzer bereits kennen (z.B. einheitliche 
Farbkodierung). Ein Prinzip basierend auf Aufmerksamkeitsprozessen ist das Proximity-
Compatibility-Prinzip (Proximity Compatibility Principle; Wickens & Carswell, 1995), demzufolge 
Informationen, die miteinander verknüpft oder verglichen werden müssen, auch räumlich bzw. 
farblich nah zueinander angeordnet werden sollen (Wickens et al., 2013). Auch das Prinzip der 
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Minimierung der Zugangskosten (Minimisation of Information Access Cost) ist ein Designprinzip, 
das auf Aufmerksamkeitsprozessen beruht. Es zielt auf geringe Zugangskosten, das heißt eine 
prominente Darstellung, für wichtige Informationen ab. 
Die Autoren selbst betonten, dass nicht jedes Prinzip in jedem Anwendungskontext 
Gültigkeit besitzt, sondern dass vielmehr für spezifische Anwendungsbereiche die relative 
Wichtigkeit der einzelnen Prinzipien variieren kann (Wickens et al., 2004). Im Rahmen von 
Artikel 1 wurden basierend auf den Ergebnissen der Nutzerevaluation der Anzeigen und der 
Anforderungsanalyse hinsichtlich darzustellender Informationen diejenigen Designprinzipien 
identifiziert, die spezifische Relevanz für die Nutzerschnittstelle im Elektrofahrzeug besitzen. 
2.3 Nutzerzentriertes Design 
Das Prinzip des nutzerzentrierten Designs (User-Centred Design; Norman & Draper, 1986; Fastrez 
& Haué, 2008) ist ein methodischer Ansatz, der bei der Gestaltung der Nutzerschnittstelle 
besonders die Anforderungen von potenziellen Nutzern eines Produkts in den Fokus der 
Betrachtung stellt. Der Ansatz adressiert sehr breit die Integration von Nutzerfeedback und 
-anforderungen im gesamten Entwicklungsprozess eines Produkts von einem sehr frühen Stadium 
bis hin zum finalen Design (Abras, Maloney-Krichmar, & Preece, 2004).  
Der methodische Ansatz des nutzerzentrierten Designs fand bereits breite Anwendung in 
verschiedenen Forschungsfeldern, so zum Beispiel für Applikationen im Gesundheitsbereich (z.B. 
Hermawati & Lawson, 2014), für Systeme zur Steigerung der Nachhaltigkeit (z.B. Wever, van Kuijk, 
& Boks, 2008). Auch im automobilen Kontext wurde die Entwicklung und Evaluation von Systemen 
durch eine gezielte und methodisch fundierte Einbindung von Nutzerrückmeldungen erfolgreich 
angewendet (z.B. Ayoob, Grace, & Steinfeld, 2003), speziell auch für Systeme, die 
energieeffizientes Fahren unterstützen sollen (Barbé & Boy, 2006; Hibberd, Jamson, & Jamson, 
2015). Anknüpfend daran, adressiert die vorliegende Arbeit Nutzerfeedback und -anforderungen 
an die Anzeigen im Elektrofahrzeug nach den Prinzipien des nutzerzentrierten Designs (Artikel 1 
und 3). Dabei wurde sie im Rahmen einer Feldstudie in einem eher späten Stadium der 
Produktentwicklung angewendet. Aufgrund der Neuartigkeit und der Spezifika von 
Elektrofahrzeugen sind Ergebnisse aus einem realen Nutzungskontext unter Einbeziehung von 
elektrofahrzeugerfahrenen Nutzern besonders wertvoll (Nilsson, 2014; Strömberg et al., 2011). 
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3 Energieeffizientes Fahren im Elektrofahrzeug als Fahrerkompetenz 
3.1 Energieeffizientes Fahren – Definition und theoretische Überlegungen 
In der wissenschaftlichen Fachliteratur sind viele verschiedene Definitionen für den Begriff des 
energieeffizienten Fahrens zu finden, die häufig entsprechend dem jeweiligen 
Untersuchungskontext aufgestellt wurden. Sivak und Schoettle (2012) postulierten eine sehr weit 
gefasste Definition von Eco-Driving, die neben dem direkten Fahrverhalten im Fahrzeug (z.B. 
Beschleunigungsverhalten) und planerischen Aspekten (z.B. Streckenwahl) auch längerfristige 
Entscheidungsprozesse jenseits unmittelbaren Fahrerverhaltens (z.B. Verkehrsmittelwahl) 
umfasst. Für die vorliegende Arbeit wurde energieeffizientes Fahren, ähnlich zu anderen 
Forschungsarbeiten (z.B. Beusen et al., 2009; Lauper, Moser, Fischer, Matthies, & Kaufmann-
Hayoz, 2015), vor allem im Hinblick auf das Fahrerverhalten während der Fahrt verstanden. 
Energieeffizientes Fahren ist folglich eine Steigerung der Energieeffizienz durch die Anwendung 
effektiver Strategien zur Senkung des Energieverbrauchs beim Fahren. Der Fokus lag damit vor 
allem auf dem tatsächlichen Fahrverhalten während der Fahrt und weniger auf langfristigen 
planerischen Aspekten wie etwa dem Fahrzeugkauf.  
In diesem Zusammenhang stand für die vorliegende Arbeit vor allem die Kompetenz des 
Fahrers, energieeffizient mit dem Elektrofahrzeug zu fahren, im Mittelpunkt. Das psychologische 
Konstrukt der Kompetenz ist sehr komplex und wird mit einer Vielzahl von Faktoren assoziiert 
(vgl. Delamare le Deist & Winterton, 2005; Shavelson, 2010; Stoof, Martens, van Mariënboer, & 
Bastiaens, 2002). Theoretisches Wissen und praktische Fertigkeiten (oder Verhalten) werden 
dabei immer wieder als zentrale Komponenten der Kompetenz dargestellt (Delamare le Deist & 
Winterton, 2005; Stoof et al., 2002), und fanden auch in der verkehrspsychologischen Forschung 
Anwendung, um die Fahrerkompetenz zu untersuchen (Sundström, 2011). Die Performanz als ein 
messbares Resultat des Wissens und vor allem des Verhaltens einer Person ist dabei sehr eng mit 
der Kompetenz verbunden (Hartig, Klieme, & Leutner, 2008; Shavelson, 2010; Sundström, 2011). 
Im Unterschied zur Kompetenz einer Person bzw. eines Fahrers wird die Performanz jedoch von 
weiteren Faktoren wie Einstellungen oder motivationalen Aspekten beeinflusst (Shavelson, 2010; 
Stoof et al., 2002).  
Im Rahmen der Dissertation wurden diese drei Komponenten der Kompetenz des Fahrers 
zum energieeffizienten Fahren untersucht: (1) das theoretische Wissen des Fahrers hinsichtlich 
effektiver Strategien zur Senkung des Energieverbrauchs, (2) das konkrete Verhalten, also die 
Umsetzung dieser Strategien, und (3) die daraus resultierende, eng mit dem Verhalten verknüpfte 
Performanz des Fahrers hinsichtlich energieeffizienten Fahrens, das heißt die tatsächlich erzielte 
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Energieeffizienz. Während die Wissenskomponente vor allem das theoretische Wissen des 
Fahrers hinsichtlich effektiver Strategien energieeffizienten Fahrens für Elektrofahrzeuge 
beinhaltete (z.B. die Strategie des moderaten Beschleunigens), zielte die Verhaltenskomponente 
auf Fertigkeiten, also die konkrete Umsetzung und Implementierung der jeweiligen Strategie, ab 
(z.B. tatsächlich ausgeführtes Beschleunigungsverhalten). Die Komponente der Performanz, das 
heißt also die tatsächlich zu messende Energieeffizienz, war damit das Resultat aus den beiden 
Komponenten Verhalten (oder Fertigkeiten) und Wissen (z.B. die resultierende 
Verbrauchsreduktion aus der Umsetzung des Wissens und der Fertigkeiten des effizienten 
Beschleunigungsverhaltens).  
 Die untersuchten Komponenten der Kompetenz zum energieeffizienten Fahren lassen 
sich auch in etablierte verkehrspsychologische Modelle des Fahrerverhaltens einordnen (z.B. 
Hollnagel & Woods, 2005; Michon, 1985; Rasmussen, 1983). Nähere Erläuterungen dazu befinden 
sich im folgenden Abschnitt 3.2. 
3.2 Die Kompetenz zum energieeffizienten Fahren – Einordnung in 
psychologische Modelle des Fahrerverhaltens 
Wie bereits dargestellt, wurde in der vorliegenden Arbeit die Kompetenz zum energieeffizienten 
Fahren von Elektrofahrzeugfahrern unter Berücksichtigung von drei Komponenten untersucht: 
dem Wissen, dem Verhalten und, daraus resultierend, der Performanz. Im Folgenden werden 
psychologische Modelle des Fahrerverhaltens (Hollnagel & Woods, 2005; Michon, 1985; 
Rasmussen, 1983) als theoretische Basis zur Einordnung der Kompetenz zum energieeffizienten 
Fahren und ihrer Komponenten in die verschiedenen Ebenen der Fahraufgabe genutzt. Auch 
wenn diese Modelle sich im Wesentlichen auf die Beschreibung der relevanten Aufgaben des 
Fahrers beschränken und keine Aussagen über tieferliegende Prozesse der 
Informationsverarbeitung treffen (Vollrath & Krems, 2011), stellen hierarchischische Modelle des 
Fahrerverhaltens eine sinnvolle Basis zur Strukturierung der Fahraufgabe und Ableitung von 
Anforderungen dar, die durch neue Fahrzeugeigenschaften und -systeme entstehen. 
Häufig verwendet zur Beschreibung der Fahraufgabe sind die Modelle von Michon (1985) 
und Rasmussen (1983), die beide von drei hierarchisch organisierten Ebenen der Fahraufgabe 
ausgehen. Dabei beschrieb Michon (1985) in seinem Fahrermodell eine übergeordnete 
strategische Ebene, die Aufgaben der Planung und Navigation umfasste, wie zum Beispiel die 
Wahl einer geeigneten Strecke. Auf der darunter liegenden Manöverebene wurden Aufgaben der 
Anpassung an die aktuelle Verkehrssituation, also beispielsweise Überholvorgänge, 
zusammengefasst, die der bewussten Kontrolle des Fahrers unterliegen. Die unterste Ebene des 
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Modells, die Kontrollebene, umfasste weitgehend automatisierte Verhaltensabläufe der Längs- 
und Querführung, wie beispielsweise die Spurhaltung. Diese Ebenen wurden auch zur Gliederung 
von verschiedenen Strategien energieeffizienten Fahrens herangezogen (Delhomme, Cristea, & 
Paran, 2013). So ist im Modell von Michon beispielsweise die Wahl einer möglichst 
verbrauchsarmen Strecke der strategischen Ebene zuzuordnen. Das vorausschauende Fahren, 
beispielsweise beim Heranfahren an einen Kreuzungsbereich, findet auf der Manöverebene statt, 
während Verhaltensweisen, wie die sanfte Nutzung der Rekuperation anstatt der 
Bremsbetätigung, auf der Kontrollebene eingeordnet werden können (vgl. auch Labeye, Hugot, 
Regan, & Brusque, 2012).  
Ähnlich wie Michon (1985) unterschied Rasmussen (1983) in seinem Drei-Ebenen-Modell 
zur Beschreibung zielgerichteter Tätigkeiten drei Ebenen der Fahraufgabe, die Ebenen 
wissensbasierten, regelbasierten und fertigkeitsbasierten Verhaltens. Die wissensbasierte Ebene 
des Verhaltens ist vor allem in neuen oder ungewohnten Situationen bedeutend. Basierend auf 
bereits vorhandenem Wissen werden Handlungsalternativen erstellt, abgewogen und letztlich in 
Verhalten umgesetzt. Die Ebene kann Michons strategischer Ebene zugeordnet werden (vgl. 
Ranney, 1994). Im Unterschied dazu besteht auf der regelbasierten Ebene bereits eine gewisse 
Vorerfahrung, so dass vorhandene Verhaltensregeln abgerufen und umgesetzt werden können. 
Analog zu Michons postulierter Manöverebene werden auf der fertigkeitsbasierten Ebene 
weitgehend automatisiert ablaufende Verhaltensmuster durchgeführt (vgl. Ranney, 1994). Die 
Grenzen zwischen fertigkeits- und regelbasiertem Verhalten sind fließend und hängen im 
Wesentlichen von der Erfahrung und Übung des auszuführenden Verhaltens ab. Je häufiger eine 
bestimmte Handlung trainiert wurde, umso automatischer läuft sie ab und ist dann somit auf der 
fertigkeitsbasierten Ebene einzuordnen. Rasmussens Modell wird auch heute noch genutzt, 
beispielsweise zur Kategorisierung von Fahrerverhalten und zur Einordnung von Lernprozessen im 
Zusammenhanng mit energieeffizientem Fahren (McIlroy & Stanton, 2015).  
Bezugnehmend auf die drei untersuchten Komponenten der Kompetenz zum 
energieeffizienten Fahren (Wissen, Verhalten, Performanz), ist das Wissen über bestimmte 
Strategien energieeffizienten Fahrens, die angewendet werden können, demnach ein Indikator für 
die wissensbasierte Ebene nach Rasmussen (1983). Gerade zu Beginn der Elektrofahrzeugnutzung 
wird das Wissen vermutlich eine wichtige Funktion einnehmen, da nur recht wenig Erfahrung 
oder Übung, beispielsweise zur energieeffizienten Nutzung der Rekuperation, vorhanden ist. 
Theoretische Modelle zur Beschreibung von Lernprozessen sprechen hier auch von deklarativem 
Wissen (Anderson, 2013a; Anderson, 2013b). Die Fertigkeits- oder Verhaltenskomponente 
spiegelt sich eher in den unteren Ebenen der Modelle wider. Mit zunehmender Erfahrung werden 
verhaltensbasierte Regeln zur energieeffizienten Verzögerung mit der Rekuperation ausgebildet 
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(regelbasierte Ebene; Rasmussen, 1983) bis schließlich je nach Erfahrung und Übungshäufigkeit 
bestimmter Verhaltensweisen, wie enegieeffizientem Verzögern mit Hilfe der Rekuperation, diese 
Handlungen weitgehend automatisiert ablaufen (fertigkeitenbasierte Ebene). Diese Prozesse sind 
aus lerntheoretischer Sicht dem prozeduralen Wissen zuzuordnen (Anderson, 2013a; Anderson, 
2013b). Unmittelbare Konsequenz aus dem theoretischen Wissen über energieeffizientes Fahren 
und der Anwendung entsprechender Verhaltensweisen ist die Performanz, das heißt also die 
tatsächlich zu messende Energieeffizienz.  
Hollnagel und Kollegen (z.B. Engström & Hollnagel, 2007; Hollnagel, Nåbo, & Lau, 2003; 
Hollnagel & Woods, 2005) erweiterten in dem von ihnen entwickelten Modell (ECOM: Extended 
Control Model) die von Rasmussen und Michon postulierten drei um eine vierte Ebene. Durch die 
Integration von Umweltfaktoren betonten Hollnagel und Woods (2005) die Bedeutung von 
dynamischen Merkmalen der Fahraufgabe. Zudem wurden mit dem ECOM zahlreiche „Feed 
forward“- und Rückkopplungsschleifen zwischen den einzelnen Ebenen eingeführt. Beginnend mit 
der übergeordneten Ebene unterscheidet das ECOM zwischen den Ebenen Targeting, Monitoring, 
Regulating und Tracking. Tracking entspricht dabei weitgehend der Manöverebene (Michon, 
1985), Regulating der Kontrollebene und Tracking kann mit der strategischen Ebene in Michons 
Modell verglichen werden (vgl. Vollrath & Krems, 2011). Mit dem Monitoring als zusätzliche 
Ebene zwischen Targeting und Regulating führten Hollnagel und Woods (2005) eine Ebene ein, 
die vorrangig Überwachungsaktivitäten, wie beispielsweise den Abgleich der verfügbaren 
Reichweite für die Fahrt mit der noch zu fahrenden Strecke, beinhalten. Monitoring betont damit 
auch die Relevanz von Informationen, die über die Anzeigen des Fahrzeugs zur Verfügung gestellt 
werden (vgl. Abschnitt 1), und bezieht zudem auch Referenzgrößen aus der Fahrumgebung mit 
ein. Für das Anwendungsbeispiel der energieeffizienten Interaktion mit der Rekuperation liegt 
hier also eine wichtige Einflussvariable in der Vermittlung von Informationen in den Anzeigen. 
Dies ist besonders relevant für die Interaktion mit neuen Systemen und betont damit die Rolle der 
Nutzerschnittstelle für das Erlernen einer effizienten Interaktion mit dem System. So kann 
beispielsweise eine ungünstige Präsentation von Informationen zur Ausprägung von 
kontraproduktiven Verhaltensweisen, wie etwa ineffizienten Rekuperationsstrategien (Kurani et 
al., 2009), führen.  
Die betrachteten verkehrspsychologischen Modelle des Fahrverhaltens dienen damit als 
eine geeignete Grundlage zur Einordnung der untersuchten Komponenten der Kompetenz zum 
energieeffizienten Fahren und ordnen darüber hinaus die Bedeutung der Nutzerschnittstelle für 
die Fahreraufgabe beim energieeffizienten Fahren ein. 
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3.3 Besondere Eigenschaften von Elektrofahrzeugen und ihre Relevanz für 
energieeffizientes Fahren 
Im Kontext von konventionellen Fahrzeugen wurden innerhalb der letzten Jahre eine Vielzahl von 
Studien zum energieeffizienten Fahren publiziert (Alam & McNabola, 2014; Young, Birrell, & 
Stanton, 2011). Dabei konnte neben effizienten technischen Lösungen (Taylor, 2008) das 
Fahrerverhalten als wichtige Einflussgröße auf den Fahrzeugverbrauch identifiziert werden (z.B. af 
Wåhlberg, 2007; Jamson, Hibberd, & Merat, 2015; van der Voort, Dougherty, & van Marseveen, 
2001). Durch ein entsprechendes Verhalten des Fahrers kann eine Reduktion des Verbrauchs um 
5 bis 10 % (Barkenbus, 2010), ausgehend von einem besonders aggressiven, und 
dementsprechend energieineffizienten, Fahrstil bis zu 20% (Gonder, Earleywine, & Sparks, 2011), 
erzielt werden.  
Bei der Nutzung von Elektrofahrzeugen besitzt das energieeffiziente Fahren durch die 
potenzielle Verlängerung der begrenzten Reichweite besondere Bedeutung. Zudem bedingen eine 
Reihe von weiteren Unterschieden gegenüber dem Verbrennerfahrzeug auch eine Veränderung 
der Fahraufgabe beim energieeffizienten Fahren mit dem Elektrofahrzeug (vgl. auch McIlroy et al., 
2013) und führen dazu, dass entsprechende Befunde bezogen auf Verbrennerfahrzeuge nicht 
ohne Weiteres auf Elektrofahrzeuge übertragen werden können (Kuriyama, Yamamoto, & 
Miyatake, 2010). Von besonderer Relevanz ist in diesem Zusammenhang die Rekuperation als ein 
System, das zur aktiven Energierückgewinnung genutzt werden kann und dessen effiziente 
Nutzung vom Fahrer bei beginnender Elektrofahrzeugnutzung erlernt werden muss (Cocron et al., 
2013). Romm und Frank (2006) betonten den Einfluss der Rekuperation auf den Energieverbrauch 
bereits bei hybriden Elektrofahrzeugen. Walsh, Carroll, Eastlake, und Blythe (2010) fanden für 
verschiedene Nutzerinteraktionen mit der Rekuperation bzw. der Bremse eine erhebliche 
Variation der Energierückgewinnung, und damit der Energieeffizienz des Elektrofahrzeugs. 
Weitere Unterschiede, wie das veränderte Verhalten des Elektromotors im niedrigen 
Geschwindigkeitsbereich, das integrierte Automatikgetriebe ohne Gangschaltung sowie 
unmittelbarere Effekte von Zusatzsystemen (z.B. Heizung oder Klimaanlage), bedingen zusätzliche 
Änderungen für die energieeffiziente Interaktion mit dem Elektro- im Vergleich zum 
Verbrennerfahrzeug (Hill et al., 2010). So verlieren einerseits etablierte Strategien, wie etwa das 
Vermeiden des Motorleerlaufs (z.B. Beusen et al., 2009; Sivak & Schoettle, 2012) oder auch 
frühzeitiges Schalten (af Wåhlberg, 2007; Andrieu & Saint Pierre, 2012; Beusen et al., 2009; Young 
et al., 2011) ihre Bedeutung. Andererseits entstehen teilweise gegensätzliche Implikationen, wie 
beispielsweise hinsichtlich der für das konventionelle Fahrzeug empfohlenen zügigen 
Beschleunigung zur Zielgeschwindigkeit (z.B. af Wåhlberg, 2007). Hier sollte im Sinne der 
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Energieeffizienz im Elektrofahrzeug generell moderat beschleunigt werden (z.B. Walsh et al., 
2010).  
Im Gegensatz zu der breiten empirischen Basis für energieeffizientes Fahren im Kontext 
von konventionellen Fahrzeugen wurden vergleichsweise wenige Nutzerstudien zum 
energieeffizienten Fahren mit dem Elektrofahrzeug publiziert. Generell weisen bisherige 
Erkenntnisse auf ein recht hohes Potenzial des Fahrerverhaltens zur Energieeinsparung in einem 
Bereich um 30% hin (Bingham, Walsh, & Carroll, 2012; Helmbrecht, Bengler, & Vilimek, 2013). 
Analog zu Studien mit konventionellen Fahrzeugen zeigte sich auch für Elektrofahrzeuge der 
positive Einfluss von Fahrerinformationssystemen auf die Energieeffizienz des Fahrerverhaltens 
(Dib, Chasse, Moulin, Sciarretta, & Corde, 2014; Jagiellowicz, Hanig, & Schmitz, 2014). Zudem 
deuten Studien mit unerfahrenen Elektrofahrzeugnutzern auf den Einfluss von Vorwissen und 
Erfahrung hinsichtlich energieeffizienten Fahrens hin. So wurden in zwei Feldtests zur 
Untersuchung des Fahrerverhaltens auf den Energieverbrauch von Elektrofahrzeugen jeweils 
Trainer für energiesparendes Fahren mit dem konventionellen Fahrzeug als diejenigen Fahrer mit 
dem niedrigsten Energieverbrauch identifiziert (Knowles, Scott, & Baglee, 2012; Walsh et al., 
2010). Weitere Studien lassen den Schluss zu, dass Fahrer mit zunehmender 
Elektrofahrzeugerfahrung ihr Fahrverhalten in Richtung eines weniger aggressiven und damit 
energieeffizienten Fahrstils ändern (Helmbrecht et al., 2014; Rolim, Gonçalves, Farias, & 
Rodrigues, 2012). Helmbrecht et al. (2013) untersuchten die Kompetenz zum energieeffizienten 
Fahren bei erfahrenen Elektrofahrzeugnutzern und fanden eine Senkung des Energieverbrauchs 
um 27% durch die Anwendung effektiver Strategien, wie einem moderaten 
Beschleunigungsverhalten und einer Verringerung der Fahrgeschwindigkeit. Insgesamt existieren 
bisher wenige Studien, die die Kompetenz zum energieeffizienten Fahren sowie assoziierte 
Transfer- und Lernprozesse beim Wechsel vom Verbrenner- zum Elektrofahrzeug systematisch, 
auch unter Einbezug der Elektrofahrzeugerfahrung, untersuchen. Diese Inhalte wurden im 
Rahmen der vorliegenden Dissertation adressiert. Die entsprechenden Befunde werden in 
Abschnitt 7.2 näher erläutert und diskutiert. 
3.4 Die Wirksamkeit von Interventionen zur Steigerung der Kompetenz zum 
energieeffizienten Fahren 
Wie in Abschnitt 3.2 bereits erläutert, sind aus der wissenschaftlichen Fachliteratur verschiedene 
Faktoren bekannt, die eine positive Wirkung auf die Kompetenz zum energieeffizienten Fahren im 
Sinne eines reduzierten Energieverbrauchs haben (Young et al., 2011). Die Reihe der möglichen 
Interventionen erstreckt sich in diesem Kontext von der reinen Informationsvermittlung (z.B. 
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Martin, Chan, & Shaheen, 2012) über Fahrertrainings (z.B. af Wåhlberg, 2007) bis hin zu 
intelligenten Systemen, die den Fahrer mit visuellen (z.B. Dib et al. 2014) oder auch haptischen 
Informationen zum energieeffizienten Fahren (z.B. Jamson, Hibberd, & Merat, 2015) versorgen. 
Weiterhin konnte gezeigt werden, dass die bloße Aufforderung, energieeffizient zu fahren, zu 
einer Reduktion des Energieverbrauchs führte (z.B. van der Voort et al., 2001). Einerseits liegt der 
Vorteil von im Fahrzeug integrierten Systemen gegenüber zeitlich begrenzten oder punktuellen 
Interventionen, wie etwa Trainings, in der permanenten und gegebenenfalls auch 
situationsspezifischen Darbietung von Informationen zum energieeffizienten Fahren während der 
Fahrt. Dies kann folglich zu einem möglicherweise stabileren Effekt von integrierten Systemen 
führen (vgl. auch Jamson, Hibberd, & Jamson, 2015). Andererseits bieten relativ einfache 
Interventionen, wie die Verbreitung oder Bereitstellung von Informationen bezüglich effektiver 
Strategien zum energieeffizienten Fahren, den Vorteil einer relativ hohen Reichweite bei 
gleichzeitig geringen Kosten (vgl. Martin et al., 2012). 
Das Wissen über bestimmte Verhaltensstrategien ist eine wichtige Voraussetzung, um ein 
entsprechendes Verhalten zeigen zu können (z.B. Alliger, Tannenbaum, Bennett, Traver, & 
Shotland, 1997; Kollmuss & Agyeman, 2002). So enthält auch jedes Fahrertraining neben mehr 
oder weniger ausgeprägten praktischen Komponenten immer eine Wissenskomponente zur 
Vermittlung von effizienten Strategien zum energieeffizienten Fahren (z.B. af Wåhlberg, 2007; 
Beusen et al., 2009). Einige Studien konnten auch die Wirksamkeit einer alleinigen 
Wissensvermittlung (z.B. van Mierlo, Maggetto, van de Burgwal, & Gense, 2004) bzw. gleiche 
Effekte für Trainings mit reiner Wissensvermittlung versus mit integrierten praktischen Elementen 
zeigen (Andrieu & Saint Pierre, 2012). 
Im Kontext von Elektrofahrzeugen kann aufgrund der neuartigen Systeme und 
Eigenschaften davon ausgegangen werden, dass das Wissen hinsichtlich effizienter Fahrstrategien 
eine besonders wichtige Rolle einnimmt. Wie bereits im vorhergehenden Abschnitt 3.2 
dargestellt, kommt in unbekannten Situationen besonders das deklarative Wissen hinsichtlich 
relevanter Verhaltensstrategien zum Tragen bevor weitere Regeln und letztlich gegebenenfalls 
automatisierte Handlungsroutinen im Sinne von prozeduralem Wissen ausgeprägt werden (vgl. 
auch Anderson, 2013a; Anderson, 2013b). Zudem besticht gerade im Kontext von 
Elektrofahrzeugen, die immer mehr auch im Car-Sharing und Flottenkontext Verbreitung finden, 
die Informationsvermittlung als kostengünstige Intervention durch eine praktikable und 
vergleichsweise leichte Umsetzbarkeit. Eine solche wissensbasierte Intervention wurde 
aufbauend auf den Erkenntnissen aus eigenen Untersuchungen (Artikel 2) sowie aktuellen 
wissenschaftlichen Befunden (z.B. Bingham et al., 2012; Helmbrecht et al., 2013) entwickelt und 
deren Wirkung auf die Komponenten der Kompetenz zum energieeffizienten Fahren untersucht 
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(Artikel 4). Detaillierte Erläuterungen zu den Ergebnissen und eine entsprechende Diskussion der 
Befunde finden sich in Abschnitt 7.2.3. 
4 Energieeffizientes Fahren im Elektrofahrzeug – die motivationale 
Komponente 
4.1 Motivationale Faktoren des Fahrerverhaltens 
Neben den spezifischen Kompetenzen des jeweiligen Fahrers werden die Handlungen und 
Entscheidungen im Straßenverkehr stark von Zielen und Motiven der jeweiligen Person 
beeinflusst (z.B. Summala, 2007). Die Notwendigkeit der Integration dieser motivationalen sowie 
Einstellungskomponenten in Modelle des Fahrerverhaltens wurde mehrfach betont (z.B. 
Näätänen & Summala, 1976; Rothengatter, 1997). Dabei wird besonders hinsichtlich 
energieeffizienten Fahrens motivationalen Aspekten große Bedeutung beigemessen (z.B. Harvey, 
Thorpe, & Fairchild, 2013; Hiraoka, Nishikawa, & Kawakami, 2011; Lauper et al., 2015; Schießl, 
Fricke, & Staubach, 2013). So resultiert aus einer hohen Kompetenz des Fahrers, energieeffizient 
zu fahren, nicht notwendigerweise auch eine hohe Energieeffizienz des alltäglichen 
Fahrverhaltens. Diese Lücke zwischen vorhandener Kompetenz und tatsächlichem Verhalten kann 
durch motivationale Aspekte erklärt werden, also beispielsweise durch andere Ziele des Fahrers 
wie Fahrkomfort (Harvey et al., 2013) oder Zeiteffizienz (Schießl et al., 2013; Stillwater & Kurani, 
2013). Aus diesem Grund war es für die Untersuchungen im Rahmen der Dissertation zentral, die 
Befunde hinsichtlich der Kompetenz zum energieeffizienten Fahren um motivationale Aspekte des 
Fahrerverhaltens zu ergänzen. Die entsprechenden Befunde der Dissertation werden in Abschnitt 
7.3 erläutert und diskutiert. 
4.2 Motivationale Faktoren und ihre Eingliederung in psychologische Modelle 
des Fahrerverhaltens 
Motivationale Komponenten wurden in der verkehrspsychologischen Forschung in einer Reihe 
von Modellen als wichtige Determinanten des Fahrerverhaltens postuliert (z.B. Hatakka et al., 
2002; Summala, 2007). Ebenso fanden auch motivationale Aspekte aus Modellen der Sozial- 
(Ajzen, 1991) und Umweltpsychologie (Lindenberg & Steg, 2007) Anwendung. Im Folgenden 
werden die relevanten Modelle und ihre Anwendung für die Dissertation dargestellt.  
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4.2.1 Die GADGET Matrix 
Hatakka et al. (2002) postulierten ein Modell des Fahrerverhaltens, das in vier hierarchisch 
aufeinander aufgebauten Ebenen organisiert ist. Während die unteren drei Ebenen 
Fahrerverhalten widerspiegeln, die ähnlich auch in anderen Modellen zu finden sind (z.B. Michon, 
1985; Rasmussen, 1983), beschreibt die übergeordnete Ebene (Goals for Life and Skills for Living) 
vor allem den Einfluss von generellen Zielen und Motiven des Fahrers, die sich auf die 
Fahraufgabe und Entscheidungen im Straßenverkehr auswirken. Dabei wird der Einfluss von 
übergeordneten Zielen und Motiven des Fahrers gegenüber anderen Modellen (z.B. Michon, 
1985) stärker ausgebaut und betont.  
4.2.2 Die Theorie des geplanten Verhaltens 
Neben der Betonung von Motiven und Zielen für Entscheidungen und Verhalten im 
Straßenverkehr bleibt das Modell von Hatakka et al. (2002) bezüglich der konkreten 
Wirkungsweise und spezifischen Variablen dieser übergeordneten Ebene auf das Verhalten recht 
vage und verweist auf komplexe Prozesse innerhalb jeder Stufe des Modells. Diese Sachverhalte 
wurden beispielsweise im Rahmen von Ajzens Theorie des geplanten Verhaltens (1991) genauer 
spezifiziert. Die Theorie hat ihren Ursprung in der Sozialpsychologie und wurde bisher zur 
Vorhersage von Verhalten in verschiedensten Kontexten genutzt (Armitage & Conner, 2001), so 
beispielsweise auch zur Prädiktion von umweltfreundlichem Verhalten (Bamberg & Möser, 2007).  
Entsprechend der Theorie ist die Verhaltensintention gegenüber einem bestimmten 
Verhalten ein starker Prädiktor für tatsächliches künftiges Verhalten. Sie wird dabei als 
motivationaler Faktor des Modells verstanden (Ajzen, 1991), der wiederum von sozialen Normen 
sowie Einstellungen gegenüber dem entsprechenden Verhalten beeinflusst wird. Als einen 
weiteren, nicht-motivationalen Faktor, postulierte Ajzen (1991) die wahrgenommene 
Verhaltenskontrolle hinsichtlich des entsprechenden Verhaltens. Für diesen Faktor wird sowohl 
eine indirekte Wirkung über die Verhaltensintention als auch ein direkter Einfluss auf das 
tatsächliche Verhalten angenommen. Dabei kann die relative Größe des Einflusses der einzelnen 
Faktoren in Abhängigkeit der volitionalen Kontrolle für das spezifische Verhalten variieren. Für 
Verhaltensweisen, die sehr stark von normativen Überzeugungen oder Einstellungen beeinflusst 
werden, kann die wahrgenommene Verhaltenskontrolle in ihrem Einfluss zurückgehen. Unter 
Bedingungen mit niedriger volitionaler Kontrolle, das heißt mit einem geringen Einfluss der 
individuellen Verhaltensintention, wird das Verhalten sehr stark durch die wahrgenommene 
Verhaltenskontrolle bestimmt.  
Die Theorie des geplanten Verhaltens hat im Bereich der Verkehrspsychologie bereits 
breite Anwendung und Bestätigung erfahren. So konnte das Modell zur Vorhersage bestimmter 
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Verhaltensintentionen, wie beispielsweise für Regelverletzungen (z.B. Forward, 2009), und auch 
zur Verhaltensvorhersage, zum Beispiel für die Geschwindigkeitswahl (z.B. Elliot, Armitage, & 
Baughan, 2007), bestätigt werden. Die Theorie des geplanten Verhaltens wurde bereits in 
modifizierter Form im Kontext von energieeffizientem Fahren beim Verbrennerfahrzeug 
angewendet (Lauper et al., 2015). Im Rahmen von Artikel 4 wurde die Theorie angewendet, um 
motivationale Prozesse energieeffizienten Fahrens mit dem Elektrofahrzeug zu untersuchen. Die 
entsprechenden Befunde werden in Abschnitt 7.3 ausgeführt. 
4.2.3 Spaß am energieeffizienten Fahren – der hedonische Wert energieeffizienten Fahrens 
Neben eher rationalen Motiven entsprechend den Faktoren der Theorie des geplanten Verhaltens 
(Ajzen, 1991) wurde auch der Einfluss von affektiven Motiven auf das Verhalten postuliert 
(Lindenberg & Steg, 2007). So wurden hedonische Motive, also das Streben nach angenehmen 
Gefühlen wie Freude oder Spaß, sowohl im Hinblick auf Fahrerverhalten (z.B. Näätänen & 
Summala, 1976; Rothengatter, 1988) als auch umweltfreundliches Verhalten (Lindenberg & Steg, 
2007; Schuitema, Anable, Skippon, & Kinnear, 2013) immer wieder als wichtige Determinanten 
genannt. Die aus der Umweltpsychologie stammende Goal-Framing Theorie (Lindenberg & Steg, 
2007) betont besonders motivationale Prozesse bei der Erklärung umweltfreundlichen Handelns. 
Dabei ist die Grundannahme des Modells, dass, entsprechend dem jeweils aktiven Motiv, 
Situationen wahrgenommen, Einstellungen aktiviert und resultierend daraus bestimmte 
Verhaltensmuster ausgeführt werden. Das entspricht insofern dem Modell von Hatakka et al. 
(2002), als dass das Handeln in einer bestimmten Situation, beispielsweise im Straßenverkehr, von 
übergeordneten Motiven gesteuert wird. Lindenberg und Steg (2007) betonen neben eher 
rationalen Motiven entsprechend der Theorie des geplanten Verhaltens (Ajzen, 1991) auch den 
Einfluss von affektiven Motiven, wie etwa dem Streben nach Spaß oder Freude. Diese affektiven 
Motivatoren fassen Lindenberg und Steg (2007) unter dem hedonischen Wert eines bestimmten 
Verhaltens zusammen.  
Im Kontext von Elektrofahrzeugen wurde die Bedeutung hedonischer Aspekte im 
Zusammenhang mit der Akzeptanz dieser Fahrzeuge betont (Bühler, Cocron, Neumann, Franke, & 
Krems, 2014; Schuitema et al., 2013). Hedonische Aspekte und Freude am Fahren stehen teilweise 
auch in Verbindung mit kompetitivem Verhalten. Hier gliedert sich der Forschungsansatz der 
Gamifizierung ein, der auch mit Freude oder Spaß assoziiert wird (z.B. Simões, Redondo, & Vilas, 
2013) und zunehmend im Kontext von energieeffizientem Fahren an Bedeutung gewinnt (z.B. 
Diewald, Möller, Roalter, Stockinger, & Kranz, 2013). Gerade auch vor dem Hintergrund, dass mit 
der Rekuperation ein System zur Verfügung steht, das aktive Energierückgewinnung ermöglicht 
und von den meisten Fahrern als angenehm erlebt wird (Cocron et al., 2013), könnte diese 
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Gamifizierungs- und Spaßkomponente der Energieeffizienz beim Elektrofahrzeugfahren potenziell 
verstärkt werden. Der hedoische Wert energieeffizienten Fahrens im Elektrofahrzeug wurde in 
Artikel 4, auch unter Betrachtung des Zusammenhangs zum tatsächlichen Fahrverhalten, 
untersucht. Ausführliche Darstellungen dazu finden sich in Abschnitt 7.3. 
5 Forschungsziele der Dissertation 
Mit der Einführung von Elektrofahrzeugen als neue Technologie und ihrer zunehmenden 
Bedeutung für den Straßenverkehr ist es wichtig, die aus den spezifischen Eigenschaften und neu 
integrierten Systemen entstandenen Anforderungen aus verkehrspsychologischer Perspektive zu 
adressieren. Die vorliegende Arbeit fokussiert in diesem Kontext die Energieeffizienz im 
Elektrofahrzeug und in Verbindung damit die Anforderungen an die Gestaltung der 
Nutzerschnittstelle, die veränderte Fahraufgabe sowie motivationale Aspekte des 
energieeffizienten Fahrens. Basierend darauf wurden im Rahmen der Dissertation die folgenden 
Forschungsziele formuliert und bearbeitet:  
(1) Die psychologische Evaluation der Nutzerschnittstelle von Elektrofahrzeugen mit 
besonderem Augenmerk auf der Interaktion mit elektrofahrzeugspezifischen 
Eigenschaften und die Ableitung von Gestaltungsempfehlungen  
(2) Die Untersuchung der Kompetenz zum energieeffizienten Fahren von erfahrenen und 
unerfahrenen Elektrofahrzeugnutzern sowie assoziierter Transfer- und 
Anpassungsprozesse 
(3) Die Untersuchung motivationaler Faktoren im Zusammenhang mit energieeffizientem 
Fahren bei Elektrofahrzeugen 
Diese Forschungsziele werden in den nächsten Abschnitten näher erläutert und in den 
Kontext der einzelnen Artikel der kumulativen Dissertation gestellt. 
5.1 Forschungsziel 1: Evaluation der Nutzerschnittstelle vor dem Hintergrund 
spezifischer Eigenschaften von Elektrofahrzeugen 
Der Gestaltung der Nutzerschnittstelle kommt im Elektrofahrzeug eine entscheidende Bedeutung 
zu, auch im Hinblick auf die Unterstützung bei der Anpassung des Fahrers an diese neue 
Technologie. Durch die spezifischen Eigenschaften und Systeme von Elektrofahrzeugen erwachsen 
neue Herausforderungen an die Nutzerschnittstelle im Fahrzeug. Besonderes Augenmerk liegt 
dabei auch auf der Interaktion der Nutzer mit der begrenzten Reichweite und entsprechend 
assoziierten Faktoren hinsichtlich der Energieeffizienz bzw. des energieeffizienten Verhaltens im 
22 |  SYNOPSE 
Elektrofahrzeug. Daraus leitete sich das erste Forschungsziel der Dissertation, die Evaluation der 
Nutzerschnittstelle sowie die Untersuchung der Interaktion mit der begrenzten Reichweite und 
deren Implikationen für die Gestaltung der Nutzerschnittstelle, ab. Basierend auf dem Ansatz des 
nutzerzentrierten Designs (Norman & Draper, 1986; Fastrez & Haué, 2008) bildeten 
Nutzerrückmeldungen und -erfahrungen die grundlegende Datenbasis für die Untersuchung 
dieses Forschungsziels. Die Evaluation der im Testfahrzeug integrierten Anzeigen sowie die 
Untersuchung der Informationsbedarfe der Nutzer und die Verständlichkeit des Konzepts von 
Elektrizität im Fahrkontext waren dabei zentraler Bestandteil von Artikel 1. Diesbezüglich bildeten 
die Anzeigen zur Reichweite, zum Ladezustand sowie zum Momentan- und 
Durchschnittsverbrauch (vgl. auch Artikel 1, Abschnitt 2.3) als basale Informationen in 
Elektrofahrzeugen (Wellings et al., 2011) den Ausgangspunkt der Evaluation. Ausgehend von den 
Ergebnissen wurden diejenigen Designprinzipien (Wickens et al., 2004) abgeleitet, die im Kontext 
von Elektrofahrzeugen besondere Relevanz besitzen. Das Erleben und Verhalten der Testfahrer in 
der Interaktion mit der begrenzten Reichweite und den damit assoziierten Themen 
energieeffizienten Fahrens wurde in Artikel 3 untersucht und basierend auf den Ergebnissen 
Implikationen für die Gestaltung der Nutzerschnittstelle abgeleitet.  
5.2 Forschungsziel 2: Untersuchung der Kompetenz zum energieeffizienten 
Fahren mit dem Elektrofahrzeug 
Das energieeffiziente Fahren hat im Elektrofahrzeug neben einer Erhöhung des Umweltnutzens 
eine wichtige Bedeutung im Sinne einer potenziellen Verlängerung der Reichweite und der 
Schonung wertvoller Batterieressource. Zudem kann eine hohe Kompetenz des Fahrers, 
energieeffizient zu fahren, auch stressreduzierend im Hinblick auf potenziell kritische 
Reichweitensituationen wirken (Rauh, Franke, & Krems, 2015). In der vorliegenden Dissertation 
wurde die Kompetenz zum energieeffizienten Fahren von Nutzern mit unterschiedlicher 
Elektrofahrzeugerfahrung untersucht. Dabei wurden basierend auf Mehr-Ebenen-Modellen des 
Fahrverhaltens (Hollnagel & Woods, 2005; Michon, 1985; Rasmussen, 1983) drei Komponenten 
der Kompetenz zum energieeffizienten Fahren angenommen und im Rahmen von aufeinander 
aufbauenden Untersuchungen eingehend betrachtet: Wissen, Verhalten und die daraus 
resultierende Performanz. Artikel 2 stellte die Untersuchung von Lern- und Transferprozessen 
hinsichtlich der Wissenskomponente der Kompetenz zum energieeffizienten Fahren in den 
Mittelpunkt. Entsprechend dem Konzept des deklarativen Wissens (Anderson, 2013b) wurde das 
Wissen der Nutzer hinsichtlich energieeffizienter Verhaltensstrategien für das Elektrofahrzeug 
über die Zeit hinweg erfasst. Ein weiterer zentraler Untersuchungsgegenstand von Atikel 2 
bestand in der Erfassung von energieeffizientem Fahrverhalten und der entsprechenden 
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Effektivität der angewendeten Strategien sowie der Performanz von erfahrenen 
Elektrofahrzeugnutzern. Anknüpfend daran erfolgte in Artikel 4 die Untersuchung der Kompetenz 
zum energieeffizienten Fahren hinsichtlich der drei Komponenten Wissen, Verhalten und 
Performanz. Im Mittelpunkt standen dabei unerfahrene Elektrofahrzeugnutzer und damit auch 
Transferleistungen beim energieeffizienten Fahren vom Verbrenner- zum Elektrofahrzeug. Die 
Wirksamkeit von wissensbasierten Interventionen, auch über die Wissensebene hinaus, wurde 
empirisch belegt (Andrieu & Saint Pierre, 2012; Martin et al., 2012; van Mierlo et al., 2004). 
Aufbauend auf den Erkenntnissen zum Wissen erfahrener Elektrofahrzeugnutzer und der 
gefundenen Effektivität einzelner Strategien zum energieeffizienten Fahren wurde eine solche 
wissensbasierte Intervention entwickelt und deren Wirkung auf alle Komponenten der 
Kompetenz zum energieeffizienten Fahren bei unerfahrenen Elektrofahrzeugnutzern evaluiert 
(Artikel 4). 
5.3 Forschungsziel 3: Untersuchung motivationaler Aspekte energieeffizienten 
Fahrens mit dem Elektrofahrzeug 
Neben der Kompetenz eines Fahrers stellen übergeordnete Motive und Ziele eine entscheidende 
Determinante des Fahrerverhaltens dar (z.B. Hatakka et al., 2002; Summala, 2007). So bleibt die 
Kompetenz eines Fahrers, energieeffizient zu fahren, ohne die entsprechende Motivation zu 
einem großen Teil ungenutzt, was sich wiederum ungünstig auf die Umweltbilanz und die 
nutzbare Reichweite pro Ladezyklus auswirkt. Bisherige Untersuchungen stützen die hohe 
Relevanz motivationaler Faktoren von energieeffizientem Fahren in Bezug auf konventionelle (z.B. 
Harvey et al., 2013; Lauper et al., 2015; Schießl et al., 2013), aber auch elektrisch betriebene 
Fahrzeuge (Stillwater & Kurani, 2013). Im Rahmen der Dissertation wurden motivationale 
Komponenten und deren Zusammenhang mit dem energieeffizienten Fahren beim 
Elektrofahrzeug näher betrachtet. Dabei wurden rationale Motive aufgegriffen, indem die 
Faktoren der Theorie des geplanten Verhaltens (Ajzen, 1991) in Bezug auf energieeffizientes 
Fahren adressiert wurden. Weiterhin wurde mit dem hedonischen Wert energieeffizienten 
Fahrens ein affektives Motiv untersucht, das positive Gefühle wie Spaß oder Freude in Verbindung 
mit energieeffizientem Fahrverhalten in den Vordergrund stellt. Beide Aspekte wurden auch im 
Vergleich zwischen Verbrenner- und Elektrofahrzeug sowie im Zusammenhang mit dem 
tatsächlich gezeigten Fahrverhalten betrachtet (Artikel 4). 
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6 Überblick über die Methodik der Dissertation 
6.1 Der MINI E-Feldversuch 
Wesentliche Bestandteile der Dissertation entstanden im Rahmen des Projekts MINI E Berlin 
powered by Vattenfall (Krems, 2011). Das Herzstück dieses Projekts war ein groß angelegter 
Feldversuch im Raum Berlin. Dabei war die Studie in Berlin die erste in einer Reihe von 
internationalen Feldstudien, die sich im Wesentlichen auf die Praxistauglichkeit sowie die 
Akzeptanz von Elektrofahrzeugen und Elektromobilitätssystemen im Allgemeinen konzentrierten 
(Vilimek, Keinath, & Schwalm, 2012). Neben der deutschen Feldstudie wurden Studien in den 
Vereinigten Staaten (Turrentine, Garas, Lentz, & Woodjack, 2011), in Großbritannien (Burgess, 
King, Harris, & Lewis, 2013), Frankreich (Labeye, Adrian, Hugot, Regan, & Brusque, 2013) sowie in 
China und Japan durchgeführt. 
Die detaillierten Forschungsfragen für die Feldstudie gliedern sich entsprechend Cocron et 
al. (2011) in eine Grundstruktur von vier wesentlichen Säulen der Evaluation von 
Elektrofahrzeugen aus psychologischer Perspektive ein: (1) Moblität, (2) Mensch-Maschine-
Schnittstelle, (3) Verkehr und Sicherheit sowie (4) Akzeptanz (Abbildung 1). Die Forschungsziele 
der Dissertation sind dabei den Säulen (2) Mensch-Maschine-Schnittstelle (Forschungsziel 1) und 
(3) Verkehr und Sicherheit (Forschungsziele 2 und 3) zuzuordnen.  
Die Methodik des Feldversuchs wurde bereits umfassend publiziert (Bühler et al., 2010; 
Franke, Bühler, Cocron, Neumann, & Krems, 2012; Krems et al., 2013; Neumann, Cocoron, Franke, 
& Krems, 2010) und soll hier nur noch in relevanten Ausschnitten skizziert werden. Die Feldstudie 
setzte sich aus zwei Nutzungsphasen zusammen, innerhalb derer jeweils 40 Elektrofahrzeuge für 6 
Monate für eine alltägliche Nutzung im Haushalt zur Verfügung gestellt wurden. Dabei 
entsprachen die Nutzungskonditionen für die jeweils 40 Studienteilnehmer in etwa realen 
Leasingbedingungen für ein Elektrofahrzeug. Die Datenerhebungen für beide Nutzungsphasen 
fanden zu drei Erhebungszeitpunkten statt: Zur Fahrzeugübergabe (T0), nach 3 (T1) und nach 6 
Monaten Elektrofahrzeugnutzung (T2). Aufgrund des längsschnittlichen Designs waren 
Rückschlüsse auf Entwicklungen mit zunehmender Elektrofahrzeugerfahrung möglich. Dabei 
wurde durch eine Vielzahl von angewendeten Methoden (Abbildung 1) eine breite Datenbasis für 
die Beantwortung der einzelnen Forschungsfragen zur Verfügung gestellt. Für die Dissertation 
dienten Daten aus der ersten Nutzungsphase als Grundlage für Artikel 3. Die Artikel 1 und 2 
entstanden auf Basis von Erhebungen im Rahmen der zweiten Nutzungsphase. 
Hinsichtlich des Forschungsziels 1, der Evaluation der Nutzerschnittstelle im 
Elektrofahrzeug, wurden vor allem qualitative Daten aus den strukturierten Interviews sowie 
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quantitative Daten aus den verwendeten Fragebögen kombiniert (Artikel 1 und 3). Für eine 
umfassende Untersuchung der Kompetenz zum energieeffizienten Fahren mit dem 
Elektrofahrzeug (Forschungsziel 2) wurden zusätzlich zu qualitativen und quantitativen Angaben 
der Studienteilnehmer Verhaltensdaten (Datenlogger) aus einem experimentellen Fahrtest 
integriert (Artikel 2). Eine detaillierte Beschreibung der verwendeten Methoden befindet sich in 
den jeweiligen Artikeln.  
 
 
Abbildung 1. Die vier Säulen für die Evaluation von Elektrofahrzeugen aus psychologischer 
Perspektive (übernommen und angepasst aus Cocron et al., 2011)  
 
6.2 Studie im Realverkehr im Rahmen des Projekts EVERSAFE 
Artikel 4 entstand auf der Grundlage eines Fahrversuchs, der im EU-Projekt EVERSAFE (Cocron et 
al., 2014; Thomson, 2014) durchgeführt wurde. Innerhalb des Projekts wurden im Rahmen von 
verschiedenen Untersuchungen (Fokusgruppen, Feld- und Simulatorversuchen) vor allem 
Sicherheitsaspekte im Zusammenhang mit Elektrofahrzeugen adressiert. Die Fahrtests und 
Befragungen zum energieeffizienten Fahren mit Elektrofahrzeugen wurden in eine der beiden 
durchgeführten Feldstudien integriert.  
Dabei erfolgten Testfahrten im realen Straßenverkehr mit 44 unerfahrenen 
Elektrofahrzeugnutzern. Im Hinblick auf die Untersuchung der Kompetenz zum energieeffizienten 
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Fahren bzw. die diesbezügliche Transferleistung von unerfahrenen Elektrofahrzeugnutzern wurde 
ein Fahrtest ganz ähnlich zu dem im MINI E-Projekt (vgl. Artikel 2, Abschnitt 2.4) durchgeführt. Mit 
Hilfe eines gemischten Designs erfolgte die Testung von zwei Faktoren. Zum einen wurden die 
Studienteilnehmer analog zu dem Fahrtest im MINI E-Projekt instruiert, eine festgelegte Strecke 
einmal normal und einmal energiesparend zu durchfahren (Bedingung normal versus eco). Zum 
anderen wurde, aufbauend auf den Erkenntnissen der vorangegangenen Studien, eine 
Manipulation des Wissens eingeführt, indem eine Gruppe der Probanden im Unterschied zu einer 
Kontrollgruppe (ohne Eco-Instruktionen) Informationen hinsichtlich effektiver Strategien zum 
energieeffizienten Fahren mit dem Elektrofahrzeug erhielt (Experimentalgruppe mit Eco-
Instruktion). Auch in diesem Versuch erfolgte die Kombination einer Vielzahl von Methoden und 
die Integration der entsprechenden Daten für die Untersuchung der Forschungsziele 2 und 3. So 
wurden zur Untersuchung der Kompetenz zum energieeffizienten Fahren sowohl qualitative und 
quantitative Angaben der Probanden als auch Fahrdaten kombiniert, die mit Hilfe eines 
Datenloggers erfasst wurden. Bezüglich motivationaler Aspekte des energieeffizienten Fahrens 
wurden Fragebogendaten der Fahrer zu ihrem für gewöhnlich genutzten Verbrennerfahrzeug und 
dem Elektrofahrzeug verglichen. Zusätzlich erfolgte eine Kombination von Fahr- und 
Fragebogendaten bei der korrelativen Auswertung der erfassten motivationalen Faktoren und 
dem gezeigten Fahrverhalten im Fahrtest mit dem Elektrofahrzeug. 
7 Diskussion und kritische Reflexion der Ergebnisse 
Im Rahmen der Dissertation wurden basierend auf den spezifischen Eigenschaften und Systemen 
von Elektrofahrzeugen entstandene Anforderungen und Implikationen hinsichtlich der 
Nutzerschnittstelle, der Fahraufgabe sowie motivationaler Faktoren mit speziellem Fokus auf der 
Energieeffizienz beim Fahren betrachtet. Dabei erhielt die Energieeffizienz im Elektrofahrzeug vor 
allem in der Interaktion mit der begrenzten Reichweite eine besondere Bedeutung. Auch wenn 
die Relevanz dieser Eigenschaft durch eventuelle technische Entwicklungen künftig 
möglicherweise zurückgeht, so bleibt ein effizienter Umgang mit dieser Technologie dennoch ein 
wichtiger Faktor für die dauerhafte Nachhaltigkeit von Elektrofahrzeugen, auch hinschtlich einer 
nachhaltigen Nutzung der Batterieressource. Zudem werden Aspekte jenseits der begrenzten 
Reichweite, wie beispielsweise das Konzept der Elektrizität im Fahrkontext, beständig Teil des 
elektrischen Fahrens bleiben bzw. auch auf andere Fahrzeugtypen übertragbar sein, wie 
beispielsweise die Möglichkeit der Energierückgewinnung durch die Rekuperation als einem 
System, das auch in hybriden Elektrofahrzeugen verbaut ist. Die gewonnenen Erkenntnisse 
hinsichtlich der Kompetenz zum energieeffizienten Fahren sowie der motivationalen Aspekte 
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energieeffizienten Fahrens leisten einen wichtigen Beitrag zur Erforschung von Transferprozessen 
und dem generellen Fahrerverhalten beim Wechsel vom konventionellen zum Elektrofahrzeug 
sowie der längerfristigen Elektrofahrzeugnutzung. Zudem müssen die Befunde dabei nicht auf den 
Kontext von Elektrofahrzeugen beschränkt bleiben und stellen zum Teil durch den konkreten 
Vergleich auch den direkten Bezug zu konventionellen Fahrzeugen her.  
Die Studien, auf denen die gewonnenen Befunde basieren, weisen einige Spezifika auf, 
die bei der Interpretation der Ergebnisse beachtet werden müssen. So konnten, bedingt durch das 
Feldstudiensetting im MINI E-Versuch, bestimmte Bedingungen zur Untersuchung der 
Fragestellungen nicht kontrolliert werden, wie beispielsweise die Häufigkeit und Intensität der 
Interaktion mit den untersuchten Anzeigen. Gleichzeitig lag jedoch auch ein entscheidender 
Vorteil des Feldstudiendesigns in der hohen externen Validität der Ergebnisse, vor allem 
hinsichtlich der Informationsanforderungen im Elektrofahrzeug, des Erlebens und Verhaltens im 
Umgang mit der begrenzten Reichweite, der Verständlichkeit des Konzepts von Elektrizität sowie 
der Dynamik des Energieverbrauchs im Fahrkontext. Der Unkontrollierbarkeit gewisser 
Einflussfaktoren des Feldstudiensettings begegnend wurden zusätzlich experimentelle 
Untersuchungen implementiert: Ein experimenteller Fahrtest zur Untersuchung der Kompetenz 
zum energieeffizienten Fahren im zweiten Erhebungszeitraum der MINI E-Feldstudie (vgl. 
Artikel 2) sowie eine von dem Berliner Feldversuch unabhängig durchgeführte experimentelle 
Fahrstudie (vgl. Artikel 4).  
Die Spezifika des genutzten Testfahrzeugs (z.B. Anzeigenkonzept, maximale Reichweite, 
Auslegung der Rekuperation) stellen einen weiteren Aspekt dar, der bei der Interpretation der 
Ergebnisse beachtet werden muss. Für die vorliegende Arbeit betrifft dies vor allem die 
Erkenntnisse hinsichtlich der Gestaltung der Nutzerschnittstelle (Fragestellung 1). Besonders die 
Evaluation der vorhandenen Anzeigen im Fahrzeug sowie Anforderungen hinsichtlich weiterer 
oder verbesserter Informationsdarstellungen sind hier im Kontext des spezifischen Testfahrzeugs 
zu interpretieren. Das weitgehend elementare Anzeigendesign des Testfahrzeugs, das sich 
zunächst auf die Präsentation basaler Informationen beschränkt, die in nahezu allen 
Elektrofahrzeugen angezeigt werden (Wellings et al., 2011), kann jedoch als solide Grundlage für 
diesbezügliche Fragestellungen angesehen werden. 
Die Charakteristika der Berliner Stichprobe, das heißt eine hohe Bildung, ein hoher Anteil 
männlicher Probanden, ein hohes Einkommen sowie eine hohe Aufgeschlossenheit gegenüber 
neuen Technologien, entsprachen im Wesentlichen den Merkmalen von Early Adoptern (vgl. auch 
Plötz, Schneider, Globisch, & Dütschke, 2014). Diese Personengruppe steht eventuellen Barrieren 
(wie z.B. der begrenzten Reichweite) potenziell aufgeschlossen gegenüber und bewertet solche 
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Aspekte damit möglicherweise positiver als andere Nutzergruppen. Zudem können basierend auf 
der gut ausgebildeten und technisch interessierten Stichprobe eventuelle Verständnisprobleme 
unterschätzt werden bzw. sind Anforderungen (z.B. hinsichtlich zusätzlicher Informationsbedarfe) 
möglicherweise nicht vollumfänglich auf andere Nutzergruppen übertragbar. Eine eingeschränkte 
Generalisierbarkeit in diesem Sinne entstand somit vor allem für die Untersuchungen zur 
Nutzerschnittstelle (Forschungsfrage 1). Die Befunde hinsichtlich der Kompetenz zum 
energieeffizienten Fahren wurden durch eine zusätzliche Untersuchung mit einer weiteren 
Nutzergruppe ergänzt, was die Generalisierbarkeit der diesbezüglichen Ergebnisse erhöht. Für 
einen ersten Schritt in der alltagsnahen Testung von neuen Technologien, wie Elektrofahrzeugen, 
stellt die Gruppe der Early Adopters jedoch eine wichtige erste Bezugsgruppe dar, bevor in 
weiteren Studien auch andere Nutzergruppen betrachtet werden sollten.  
Generell tragen sowohl die Vielfalt der genutzten Erhebungsmethoden als auch die 
Kombination verschiedener qualitativer und quantitativer Daten zu einem umfassenden 
Erkenntnisgewinn für die untersuchten Fragestellungen bei.  
7.1 Forschungsziel 1: Evaluation der Nutzerschnittstelle vor dem Hintergrund 
spezifischer Eigenschaften von Elektrofahrzeugen 
Im Rahmen von Artikel 1 wurde eine Evaluation der Nutzerschnittstelle im Elektrofahrzeug mit 
besonderem Fokus auf den Anzeigen sowie Aspekten der Energieeffizienz durchgeführt. Die 
Ergebnisse der quantitativen Nutzereinschätzungen bestätigten dabei qualitative Befunde mit 
unerfahrenen Nutzern hinsichtlich einer sehr hohen Priorität der Reichweiteninformation 
(Strömberg et al., 2011) in einem realen Nutzungskontext und zeigten darüber hinaus eine stabil 
hohe Relevanz dieser Information, auch mit zunehmender Elektrofahrzeugerfahrung. Zudem 
wurde die Information zum Ladezustand ebenfalls als sehr wichtig eingestuft, Momentan- und 
Durchschnittsverbrauch hingegen waren signifikant weniger relevant. Die hohe Bedeutung der 
Reichweiteninformation spiegelte sich ebenfalls in den Interviewangaben der Nutzer zur 
Interaktion mit der Reichweite wider (Artikel 3), in denen die Reichweite als der zentrale Aspekt 
erlebt wurde, der die Interaktion mit dem Elektrofahrzeug maßgeblich bestimmte. Die 
wahrgenommene Unterstützung durch die verfügbaren Anzeigen wurde als eher moderat 
eingeschätzt und nahm mit zunehmender Elektrofahrzeugerfahrung ab (Artikel 1), was teilweise 
durch die Unzuverlässigkeit der dargestellten Informationen bedingt sein könnte, wie auch von 
anderen Autoren diskutiert (z.B. Lundström & Bogdan, 2014). Dieser Erfahrungseffekt der 
Einschätzungen über die Zeit betont zudem die besondere Relevanz eines gewissen 
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Erfahrungshintergrunds im Umgang mit Elektrofahrzeugen für die Evaluation der 
Nutzerschnittstelle (vgl. auch Nilsson, 2014; Strömberg et al., 2011). 
In den Interviews berichteten die Nutzer Unsicherheitsgefühle hinsichtlich der 
verbleibenden Reichweite (Artikel 3). So äußerten die Nutzer zwar das Verständnis, dass die 
Reichweite von mehreren Faktoren beeinflusst wird, konnten jedoch weder selbst verlässliche 
Vorhersagen über die Reichweitendynamik einer Fahrt treffen noch erlebten sie die Anzeigen des 
Fahrzeugs in dieser Hinsicht als gute Informationsgeber (Artikel 3). Daraus leitet sich die 
Notwendigkeit einer verlässlichen und transparenten Darstellung der Reichweiteninformation 
sowie potenzieller Einflussfaktoren auf den Energieverbrauch des Fahrzeugs im engen 
Zusammenhang mit der verbleibenden Reichweite ab (vgl. auch Lundström & Bogdan, 2014), um 
das Vertrauen der Nutzer in das System zu unterstützen und potenziellen Reichweitenstress zu 
reduzieren. Analog dazu konzentrierten sich die Anforderungen der Nutzer hinsichtlich 
verbesserter oder zusätzlicher Informationsdarstellung im Elektrofahrzeug auf eben diese Aspekte 
des Energieverbrauchs und assoziierter Energieeffizienz sowie der Reichweite (Artikel 1). Deutlich 
wurde dabei vor allem ein Bedürfnis nach Unterstützung hinsichtlich der Planung von 
Wegstrecken (z.B. Abgleich der geplanten Strecke mit der verfügbaren Batterieressource) sowie 
der Verständlichkeit und des Handlungsbezugs von Informationen zur Energieeffizienz (z.B. 
Darstellung des Energieverbrauchs in der Einheit Kilometer, Darstellung der Wirkung der Nutzung 
von Zusatzverbrauchern wie Heizung oder Klimaanlage in Kilometern). So kann der Nutzer durch 
die Anzeige relevanter Handlungsmöglichkeiten und deren konkrete Effekte auf die verbleibende 
Reichweite in potenziell kritischen Reichweitensituationen unterstützt werden, was folglich zu 
einer Reduktion von Reichweitenstress führen kann. Zudem kann eine entsprechend gestaltete 
Nutzerschnittstelle auch zur Herausbildung von dauerhaft effizientem Fahrverhalten in der 
Interaktion mit dem Elektrofahrzeug gefördert werden. 
Wie auch im Kontext von Verbrennerfahrzeugen gefunden (Manser, Rakauskas, Graving, 
& Jenness, 2010), betonten die Nutzer neben allem zusätzlichen Informationsbedarf den Wunsch 
nach Einfachheit und Überschaubarkeit der dargestellten Information. Eine zentrale 
Herausforderung künftiger Anzeigenkonzepte wird es folglich sein, das komplexe Gefüge der 
zahlreichen Wirkfaktoren auf die Energieeffizienz und damit letztlich die verbleibende Reichweite 
des Elektrofahrzeugs inhaltlich transparent abzubilden ohne den Fahrer dabei mit zu vielen 
Informationen zu überladen.  
Einen weiteren wichtigen Aspekt der Nutzerinteraktion mit dem Elektrofahrzeug stellten 
Anpassungsprozesse im Zusammenhang mit der begrenzten Reichweite dar (Artikel 3). So 
bedienten sich die Nutzer bestimmter Heuristiken zur besseren Einschätzung und 
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Mobilitätsplanung mit der begrenzten Reichweite, wie beispielsweise der Einteilung der 
verbleibenden Reichweite in bekannte und noch gut erreichbaren Wegstrecken (z.B. zur Arbeit 
und zurück). Analog dazu können zusätzlich geäußerte Informationsbedarfe hinsichtlich einer 
konkreten, beispielsweise kartenbasierten Anzeige der verfügbaren Reichweite (vgl. auch 
Lundström & Bogdan, 2014), verstanden werden (Artikel 1). Die Ergebnisse implizieren auch hier 
eine hohe Bedeutung einer handlungs- bzw. planungsrelevanten Darstellung von Informationen 
für eine erfolgreiche Anpassung der Nutzer an die begrenzte Reichweite des Elektrofahrzeugs.  
Ähnlich zu den Befunden für unerfahrene Elektrofahrzeugnutzer von Strömberg et al. 
(2011), wiesen die Untersuchungsergebnisse auch für erfahrene Nutzer auf 
Verständnisschwierigkeiten im Zusammenhang mit dem Konzept von Elektrizität im Fahrkontext 
hin (Artikel 1). So waren Verbrauchsschätzungen für das Elektrofahrzeug in elektrischen Einheiten 
(Ah/100km, kWh/100 km) für den überwiegenden Teil der Nutzer mit großen Schwierigkeiten 
verbunden. Eine Schätzung des Energieverbrauchs in der vertrauten und praktisch relevanten 
Einheit Kilometer hingegen führte zu deutlich weniger Problemen und war vergleichbar mit der 
Verbrauchsschätzung des von den Studienteilnehmern für gewöhnlich genutzten 
Verbrennerfahrzeugs. Ausgehend von dem hohen Bildungsniveau der Stichprobe sowie dem 
hohen Anteil von Personen mit beruflicher Nähe zu Inhalten und Einheiten der Elektrizität (z.B. 
Elektrotechniker, Ingenieure, Architekten), kann angenommen werden, dass 
Verständnisprobleme in anderen Nutzergruppen tendenziell noch stärker auftreten. Wie auch 
durch die Angaben der Nutzer präferiert, empfiehlt sich die Darstellung des Energieverbrauchs in 
Kilometern als eine für den Fahrer vertraute Einheit mit Bezug zur Reichweite. Um die Nutzer bei 
der Entwicklung eines Verständnisses und Bezugs zu elektrischen Einheiten zu unterstützen, kann 
eine kombinierte zusätzliche Darbietung der Information mit einer konsistent genutzten 
elektrischen Einheit (Watt) als hilfreich erachtet werden. 
Auf der Grundlage der von Wickens et al. (2004) zusammengetragenen Prinzipien des 
Displaydesigns ließen sich basierend auf den gefundenen Ergebnissen diejenigen Prinzipien 
ableiten, die für den Kontext von Elektrofahrzeugen besondere Relevanz besitzen. Diese wurden 
in Artikel 1 zusammenfassend dargestellt, besitzen aber auch Gültigkeit für die in Artikel 3 
gefundenen Ergebnisse. So sollte beispielsweise die Integration von Informationen hinsichtlich der 
Passung der geplanten Wegstrecke mit der verbleibenden Reichweite und der prospektiven 
Energieeffizienz bei der Fahrt im Sinne des Prinzips der prädiktiven Führung unterstützen. Eine 
prominente und räumlich nahe Dartsellung wichtiger Informationen wie der verbleibenden 
Reichweite und beeinflussender Aspekte der Energieeffizienz können den Fahrer entsprechend 
dem Proximity-Compatibility-Prinzip (Wickens & Carswell, 1995) sowie dem Prinzip des Gewinns 
durch Redundanz unterstützen. Als wirkungsvoll im Hinblick auf eine bessere Verständlichkeit des 
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Konzepts von Elektrizität im Fahrkontext kann das Prinzip der Konsistenz erachtet werden, 
beispielsweise durch die konsistente Nutzung der Einheit Watt für Verbrauchsinformationen. 
Zudem kann eine sinnvolle, zum Beispiel farbkodierte Kategorisierung der dargestellten 
Information zur Energieeffizienz des Fahrverhaltens (z.B. Beschleunigungsverhalten) hilfreich sein 
(vgl. auch Wickens et al., 2013), auch im Sinne unterstützenden Feedbacks bei der Anpassung an 
die neue Technologie. 
7.2 Forschungsziel 2: Untersuchung der Kompetenz zum energieeffizienten 
Fahren bei der Nutzung von Elektrofahrzeugen 
Basierend auf etablierten hierarchischen Modellen der Fahraufgabe (Hollnagel & Woods, 2005; 
Michon, 1985; Rasmussen, 1983) sowie lerntheoretischen Ansätzen (Anderson, 2013a; Anderson, 
2013b) wurden drei Komponenten der Kompetenz zum energieeffizienten Fahren charakterisert: 
Wissen, Verhalten und Performanz. Diese Komponenten wurden im Rahmen der Dissertation 
unter Berücksichtigung der spezifischen Eigenschaften und Systeme von Elektrofahrzeugen 
untersucht. Dabei wurde auch der Aspekt der Anpassung oder des Transfers der Kompetenz zum 
energieeffizienten Fahren vom konventionellen zum Elektrofahrzeug beleuchtet. Die 
Untersuchung der Kompetenz zum energieeffizienten Fahren und damit verbundener Lern- und 
Anpassungsprozesse erfolgte im Rahmen aufeinander aufbauender Untersuchungen, die in den 
folgenden Abschnitten dargestellt werden. 
7.2.1 Die Kompetenz zum energieeffizienten Fahren mit zunehmender 
Elektrofahrzeugerfahrung 
In Artikel 2 wurden die Ergebnisse der Untersuchung der Kompetenz zum energieeffizienten 
Fahren von erfahrenen Elektrofahrzeugnutzern hinsichtlich aller drei Komponenten der 
Kompetenz zum energieeffizienten Fahren dargestellt. Eventuelle Anpassungs- oder 
Transferprozesse wurden hierbei für die Wissenskomponente adressiert. Es zeigte sich sowohl ein 
quantitativer Zuwachs des Wissens bezüglich energieeffizienter Fahrstrategien mit dem 
Elektrofahrzeug über den dreimonatigen Nutzungszeitraum hinweg als auch eine gewisse 
qualitative Anpassung der genannten Strategien energieeffizienten Fahrens für das Elektro- 
verglichen mit dem Verbrennerfahrzeug. So passten die Testpersonen bereits zum Zeitpunkt der 
Fahrzeugübergabe die genannten Strategien energieeffizienten Fahrens für das konventionelle 
denen für das Elektrofahrzeug an. Im Kontext von Elektrofahrzeugen unnütze Strategien (z.B. 
Vermeiden hoher Drehzahlen durch frühzeitiges Schalten) wurden nicht genannt, dafür aber 
durch die neue Technologie entstandene Strategien (z.B. Nutzung der Rekuperation). Die Anzahl 
der genannten Strategien war zum Zeitpunkt der Fahrzeugübergabe signifikant geringer als für 
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das Verbrennerfahrzeug. Dieser Unterschied verschwand mit zunehmender 
Elektrofahrzeuerfahrung: Nach dreimonatiger Nutzungszeit kannten die Elektrofahrzeugnutzer 
genau so viele Strategien zum energieeffizienten Fahren wie mit dem konventionellen Fahrzeug 
und signifikant mehr als zu Beginn der Elektrofahrzeugnutzung. Dabei unterschieden sich die 
berichteten Strategien zu beiden Zeitpunkten inhaltlich nicht wesentlich, es fand aber eine 
signifikante Verschiebung von Nennungshäufigkeiten statt. So nannten beispielsweise signifikant 
mehr Personen die reduzierte Nutzung von Zusatzverbrauchern als eine für den Energieverbrauch 
überaus bedeutsame Strategie (vgl. Bingham et al., 2012).  
Weiterhin zeigten sich für die Komponenten des Verhaltens und der Performanz 
energieeffizienten Fahrens, dass erfahrene Nutzer in der Lage waren, durch die Anwendung 
effektiver Verhaltensweisen den Energieverbrauch des Elektrofahrzeugs beim energieeffizienten 
im Vergleich zum normalen Fahren signifikant zu senken. Die auf der Teststrecke im Stadtverkehr 
Berlins implementierten Strategien zum energieeffizienten Fahren umfassten ein gleichmäßiges 
und moderates Beschleunigungsverhalten sowie eine Absenkung der Fahrgeschwindigkeit. 
Ähnliche Strategien wurden auch in anderen Untersuchungen berichtet (Helmbrecht et al., 2013; 
Bingham et al., 2012). Zudem zeigte sich das zunächst paradox erscheinende Ergebnis, dass ein 
sehr hohes Maß an rekuperierter Energie mit einem erhöhten Energieverbrauch zusammenhängt. 
Bedenkt man, dass auch für eine energieeffiziente Verzögerung zunächst 
Beschleunigungsvorgänge notwendig sind, scheint eine moderate Nutzung der Rekuperation und 
auch des Gaspedals als optimal hinsichtlich der Energieeffizienz (vgl. auch Helmbrecht et al., 
2014). Die moderate Nutzung der Rekuperation für Verzögerungsvorgänge wie auch die anderen 
genannten Strategien stellten sich vor dem Hintergrund der starken Korrelationen mit dem 
Energieverbrauch (mit Ausnahme der Geschwindigkeitsreduktion) als effiziente 
Verhaltensstrategien heraus. Die gefundene niedrige Effektivität der Geschwindigkeitswahl kann 
potenziell dem Kontext des Stadtverkehrs zugeschrieben werden, bei dem generell in einem 
niedrigeren Geschwindigkeitsbereich gefahren wird. Auf Landstraßen oder Autobahnen mit 
entsprechend höheren Geschwindigkeitsbegrenzungen ist von einem hohen Wirkungsgrad dieser 
Strategie auszugehen (z.B. Helmbrecht et al., 2013). Basierend auf den Ergebnissen von Artikel 2 
konnten keine Rückschlüsse auf die Kompetenz zum energieeffizienten Fahren hinsichtlich der 
Verhaltens- und Performanzkomponente sowie eventuell assoziierter Transferprozesse bei 
unerfahrenen Elektrofahrzeugnutzern gezogen werden. Weiterführende Untersuchungen 
diesbezüglich erfolgten in Artikel 4.  
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7.2.2 Die Kompetenz zum energieeffizienten Fahren bei unerfahrenen 
Elektrofahrzeugnutzern – Transferleistungen 
Im Rahmen von Artikel 4 wurde untersucht, inwiefern unerfahrene Elektrofahrzeugnutzer in der 
Lage waren, basierend auf bestimmten Aspekten, wie ihrem Wissen über den Energieverbrauch 
von Elektrofahrzeugen oder dem Transfer von Fertigkeiten (vgl. Fitts & Posner, 1967), mit dem 
Verbrennerfahrzeug, den Energieverbrauch im Elektrofahrzeug zu senken. Hinsichtlich der 
Wissenskomponente der Kompetenz zum energieeffizienten Fahren bei unerfahrenen 
Elektrofahrzeugnutzern konnten die Befunde aus Artikel 1 repliziert werden. Die 
Studienteilnehmer berichteten durchschnittlich zwei bis drei Strategien zum energieeffizienten 
Fahren für das Elektrofahrzeug; eine Anzahl, die sich auch nach der energieeffizienten Fahrt nicht 
änderte. Ein Vergleich hinsichtlich des allgemeinen Wissens über energieeffizientes Fahren 
zwischen dem Verbrenner- und Elektrofahrzeug zeigte zudem ein als deutlich geringer 
eingeschätztes Wissen im Elektrofahrzeugkontext. Die Ergebnisse hinsichtlich der 
Wissenskomponente reflektieren somit eine dem initiierten Lern- oder Anpassungsprozess 
entsprechende, unvollständige Kompetenz zum energieeffizienten Fahren, die sich nach einer 
kurzen Fahrerfahrung mit dem Elektrofahrzeug nicht änderte.  
In Bezug auf die Komponenten des Verhaltens und der Performanz konnte in der 
energieeffizienten verglichen mit der normalen Fahrt im Straßenverkehr eine gewisse Kompetenz 
zum energieeffizienten Fahren bei unerfahrenen Elektrofahrzeugnutzern beobachtet werden. Mit 
einem Fahrverhalten entsprechend effektiver Strategien, wie dem moderaten und gleichmäßigen 
Beschleunigen sowie dem moderaten Verzögern, erzielten die Nutzer eine Steigerung der 
Energieeffizienz um etwa 7%. Dies mag verglichen mit anderen Studien, die 
Verbrauchsreduktionen von 14% (Dib et al., 2014) oder sogar 30% (Bingham et al., 2012) 
berichten, zunächst gering erscheinen. Bedenkt man jedoch, dass die ermittelte Energieeffizienz 
von vielen Faktoren, wie den Eigenschaften der Teststrecke (Geschwindigkeitsbegrenzung, 
Höhenprofil), den Testsettings (Nutzung von Zusatzsystemen wie Heizung), aber auch dem 
Fahrverhalten der Nutzer bei einer „normalen“ Fahrt, abhängig sind, so erscheinen Vergleiche 
über Studien hinweg als wenig zielführend hinsichtlich der Einschätzung der Kompetenz der 
Fahrer zum energieeffizienten Fahren. Vor allem vor dem Hintergrund der Testbedingungen 
(keine Autobahnfahrten, fixierte Einstellungen der Zusatzverbraucher, keine Kreuzungen), kann 
von einem vergleichsweise geringen Pontenzial zur Energieeinsparung ausgegangen werden. 
Aufschlüsse darüber, ob und wie stark die Kompetenz zum energieeffizienten Fahren hinsichtlich 
dieser Komponenten mit zunehmender Elektrofahrzeugerfahrung weiter ansteigt, können nur 
über direkte Vergleichsstudien erzielt werden. 
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Zusammenfassend lassen die Ergebnisse aus Artikel 4 den Schluss zu, dass auch 
unerfahrene Elektrofahrzeugnutzer eine gewisse Kompetenz zum energieffizienten Fahren 
besitzen. Basierend auf den Angaben der Nutzer kann eine Kombination von möglichen 
unterstützenden Faktoren in Betracht gezogen werden. Zum einen kann ein gewisser positiver 
Transfer (vgl. Fitts & Posner, 1967) von Kompetenz zum energieeffizienten Fahren mit dem 
Verbrenner- zum Elektrofahrzeug angenommen werden, der auch im Zusammenhang mit 
Anpassungsprozessen an die Rekuperationsnutzung diskutiert wurde (Cocron et al., 2013). So 
wurde das Wissen hinsichtlich wirksamer Strategien zum energieeffizienten Fahren mit dem 
Verbrennerfahrzeug als hilfreich eingestuft. Zum anderen erlebten die Nutzer eine gewisse 
Unterstützung durch die Momentanverbrauchsanzeige des Testfahrzeugs, was die durchaus 
zentrale Rolle von Rückmeldung (vgl. auch Barkenbus, 2010; Gonder et al., 2011; Jamson, 
Hibberd, & Merat, 2015) über die Effektivität des Verhaltens und damit der Nutzerschnittstelle im 
Zusammenhang mit der Entwicklung von Fertigkeiten im Umgang mit dem Elektrofahrzeug weiter 
betont.  
Eine weiterführende Untersuchung dazu, inwiefern eine wissensbasierte Intervention den 
Transferprozess unterstützt und damit die Kompetenz zum energieeffizienten Fahren von 
unerfahrenen Elektrofahrzeugnutzern erhöhen kann, wurde ebenfalls im Rahmen von Artikel 4 
durchgeführt. 
7.2.3 Effekte einer wissensbasierten Intervention auf die Kompetenz zum energieeffizienten 
Fahren bei unerfahrenen Elektrofahrzeugnutzern 
Basierend auf den Erkenntnissen aus Artikel 2 hinsichtlich wirksamer Strategien zum 
energieeffizienten Fahren mit dem Elektrofahrzeug sowie beruhend auf den Ergebnissen einer 
Literaturanalyse (z.B. Bingham et al., 2012; Helmbrecht et al., 2013) wurde eine wissensbasierte 
Intervention zur Informationsvermittlung hinsichtlich energieeffizienten Fahrens mit dem 
Elektrofahrzeug zusammengestellt. Ausgehend von Untersuchungen, die auch für eine reine 
Wissensvermittlung einen Effekt auf energieeffizientes Fahrverhalten belegen (Andrieu & Saint 
Pierre, 2012; van Mierlo et al., 2004), wurde die Wirksamkeit dieser Intervention hinsichtlich aller 
Komponenten der Kompetenz zum energieeffizienten Fahren und assoziierter Transferleistungen 
unerfahrener Elektrofahrzeugnutzer evaluiert. Im Hinblick auf die Wissenskomponente zeigte sich 
eine signifikante Wirksamkeit der Intervention im Sinne einer höheren Anzahl berichteter 
Strategien zum energieeffizienten Fahren der informierten Fahrer verglichen mit einer 
uninformierten Kontrollgruppe. Die Anzahl berichteter Strategien lag durchschnittlich sogar über 
der in Artikel 2 von erfahrenen Fahrern berichteten. Zudem schätzten Personen der 
Interventionsgruppe im Gegensatz zur Kontrollgruppe ihr Wissen zum energieeffizienten Fahren 
mit dem Elektro- im Vergleich zum Verbrennerfahrzeug in etwa gleich ein. Konsistent dazu 
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beurteilten diejenigen Fahrer, die das Training erhielten, ihre Kompetenz zum energieeffizienten 
Fahren hinsichtlich der Komponenten Verhalten und Performanz signifikant besser als die 
Kontrollgruppe. Ein anderes Bild zeigte sich hingegen für die aufgezeichneten Loggerdaten 
hinsichtlich des Verhaltens und der Performanz beim energieeffizienten Fahren. Hier konnte kein 
Effekt der wissensbasierten Intervention gefunden werden. Das heißt, die Informationen zum 
energieeffizienten Fahren führten zu keinen Unterschieden zwischen beiden Gruppen. Mögliche 
Erklärungen dieser Befunde weisen generell in zwei Richtungen: Einerseits können die Effekte des 
Trainings möglicherweise durch andere Faktoren maskiert worden sein. So gaben die Fahrer 
beispielsweise einen hohen Unterstützungsgrad hinsichtlich der Momentanverbrauchsanzeige des 
Testfahrzeugs an. Wenn auch recht einfach gestaltet, könnte die Rückmeldung über die 
Momentanverbrauchsanzeige die Kompetenz zum energieeffizienten Fahren in beiden Gruppen 
positiv beeinflusst und folglich die Wirksamkeit der Intervention überlagert haben. Zudem 
konnten, basierend auf den Testbedingungen bestimmte Strategien, die durch die Intervention 
vermittelt wurden, nicht angewendet werden (z.B. die Abschaltung von Zusatzverbrauchern wie 
Heizung). Eine potenziell unterschätzte Wirksamkeit der Informationen zum energieeffizienten 
Fahren könnte die Folge sein. Andererseits implizieren die Befunde eine verringerte Wirksamkeit 
durch das Fehlen von konkret verhaltensbasierten Trainingselementen (z.B. af Wåhlberg, 2007). 
Auch wenn die Fahrer die wissensbasierte Intervention als hilfreich einschätzten, sind für den 
untersuchten Kontext eventuell nur Interventionen geeignet, die entsprechend Andersons 
(2013b) Ansatz neben dem deklarativen auch den prozeduralen Wissenserwerb fördern (vgl. auch 
McIlroy & Stanton, 2015). Letztlich bleibt zu untersuchen, inwiefern sich die Kompetenz zum 
energieeffizienten Fahren gerade auch hinsichtlich des Verhaltens und der Performanz mit 
zunehmender Elektrofahrzeugerfahrung verändert und durch welche Maßnahmen der Fahrer 
ganz konkret bei der Ausbildung einer hohen Kompetenz zum energieeffizienten Fahren 
unterstützt werden kann. Die positivere Einschätzung der eigenen Kompetenz zum 
energieeffizienten Fahren in der Gruppe mit den Informationen zum energieeffizienten Fahren 
könnte auch auf ein höheres Vertrauen in die eigene Kometenz hinweisen. Folglich könnte die 
implementierte Intervention dazu führen, dass resultierend aus einem höheren Vertrauen in die 
eigene Kompetenz auch das Erleben von Reichweitenstress positiv beeinflusst werden kann (Rauh 
et al., 2015). 
Die beobachtete Reduktion des Energieverbrauchs zwischen den Fahrten mit der 
Instruktion, normal und energieeffizient zu fahren, weisen darauf hin, dass neben der jeweiligen 
Kompetenz des Fahrers zum energieeffizienten Fahren noch weitere Faktoren für das tatsächliche 
Fahrverhalten eines Fahrers eine Rolle spielen. Mit der Beleuchtung von motivationalen Aspekten 
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energieeffizienten Fahrens wurden in der vorliegenden Dissertation auch solche Aspekte des 
Fahrerverhaltens adressiert. 
7.3 Forschungsziel 3: Untersuchung motivationaler Aspekte energieeffizienten 
Fahrens mit dem Elektrofahrzeug 
Ausgehend von psychologischen Modellen des (Fahrer-)Verhaltens (Ajzen, 1991; Hatakka et al., 
2002; Lindenberg & Steg, 2007; Summala, 2007) wurden motivationale Aspekte hinsichtlich 
energieeffizienten Fahrens untersucht. Die Ergebnisse aus Artikel 4 enthalten dazu zwei 
wesentliche Aspekte: Zum einen wurden wichtige Erkenntnisse zum Vergleich motivationaler 
Komponenten energieeffizienten Fahrens zwischen Verbrenner- und Elektrofahrzeug gewonnen. 
Zum anderen konnten aus dem experimentellen Setting heraus Zusammenhänge zwischen 
motivationalen Faktoren energieeffizienten Fahrens und tatsächlich gezeigtem Fahrverhalten 
näher betrachtet werden.  
Hinsichtlich des Vergleichs motivationaler Faktoren energieeffizienten Fahrens zwischen 
Elektro- und Verbrennerfahrzeugen wurden Unterschiede gefunden, die in Richtung eines 
größeren Potenzials von Elektrofahrzeugen für energieeffizientes Fahren deuten. Einerseits 
berichteten die elektrofahrzeugunerfahrenen Nutzer signifikant positivere Einstellungen und 
Verhaltensintentionen für energieeffizientes Fahren mit dem Elektro- als mit dem 
Verbrennerfahrzeug. Dieses Potenzial sollte mit Hilfe geeigneter Maßnahmen, beispielsweise 
einer optimalen Gestaltung der Nutzerschnittstelle, möglichst voll ausgeschöpft und weiter 
ausgebaut werden. Denkbar sind hierbei gezielte Informationen und positive Rückmeldungen für 
energieeffiziente Verhaltensweisen, die die Verhaltensintention von Fahrern noch weiter 
verstärken. Andererseits war die von den Fahrern berichtete wahrgenommene 
Verhaltenskontrolle im Hinblick auf energieeffizientes Fahren signifikant niedriger für das Elektro- 
verglichen mit dem Verbrennerfahrzeug. Besonders vor dem Hintergrund eines angenommenen 
größeren Wirkungsgrads von Fahrerverhalten auf den Energieverbrauch beim Elektrofahrzeug 
(Hill et al., 2010; Romm & Frank, 2006) stellt dieses Ergebnis einen wichtigen Ansatzpunkt für die 
Entwicklung entsprechender Lösungen dar. Wie bereits in Abschnitt 7.1 erläutert, kann auch 
durch eine transparente Darstellung der Faktoren, die den Energieverbrauch beeinflussen (z.B. 
Lundström et al., 2012), sowie das Aufzeigen konkreter Handlungsmöglichkeiten und deren 
Effektivität eine realisitische Einschätzung der Verhaltenskontrolle bezüglich des 
Energieverbrauchs positiv beeinflussen.  
Hinsichtlich der beobachteten Korrelationen zwischen den betrachteten motivationalen 
Faktoren und dem normalen Fahrverhalten konnten deutliche Zusammenhänge beobachtet 
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werden. So wurden Korrelationen mittlerer Stärke sowohl für den Faktor Verhaltensintention als 
auch für die assoziierten Variablen, soziale Norm und Einstellungen gegenüber energieeffizientem 
Fahren, wie auch für den hedonischen Wert energieeffizienten Fahrens gefunden. Die 
wahrgenommene Verhaltenskontrolle hingegen als ein Faktor, für den sowohl eine direkte 
Wirkung auf das Verhalten als auch die Verhaltensintention postuliert wird, korrelierte in einem 
niedrigen Bereich mit dem gezeigten normalen Fahrverhalten. Die ermittelten Zusammenhänge 
zwischen motivationalen Faktoren und dem Fahrverhalten in der energieeffizienten Fahrt 
zeichneten ein deutlich anderes Bild. Für diese Fahrt wurden keine oder nur sehr geringe 
Korrelationen zwischen den berichteten Faktoren und dem Fahrverhalten gefunden. Hier wird der 
Einfluss von übergeordneten Prozessen in Bezug auf energieeffizientes Fahren deutlich und ein 
Erklärungsansatz für die Lücke zwischen der Kompetenz zum energieeffizienten Fahren und 
tatsächlichem Fahrverhalten evident. Folglich bestätigen die Ergebnisse die Annahmen 
psychologischer Modelle des (Fahrer-)Verhaltens (Ajzen, 1991; Hatakka et al., 2002; Lindenberg & 
Steg, 2007) hinsichtlich einer starken motivationalen Komponente des Fahrerverhaltens. 
8 Implikationen und Schlussfolgerungen 
Im Rahmen der vorliegenden Dissertation wurden sowohl die durch die spezifischen 
Eigenschaften von Elektrofahrzeugen entstandenen Anforderungen an die Gestaltung der 
Nutzerschnittstelle und Implikationen für die Fahraufgabe als auch motivationale Aspekte des 
Fahrerverhaltens mit besonderem Fokus auf dem Aspekt der Energieeffizienz untersucht. 
Basierend auf einem voraussichtlich stabilen Trend der zunehmenden Elektrifizierung des 
Individualverkehrs (Gaide, 2009; Hajesch, 2013) im Zusammenhang mit auch heute noch relativ 
überschaubaren Erkenntnissen zur Mensch-Technik-Interaktion mit nachhaltigen Systemen 
(Haslam & Waterson, 2013), leisten die Ergebnisse der Dissertation einen wichtigen Beitrag.  
8.1 Implikationen für die Gestaltung der Nutzerschnittstelle im Elektrofahrzeug 
Die Befunde zum Erleben der begrenzten Reichweite unterstreichen deren Bedeutung für die 
Interaktion mit Elektrofahrzeugen und verdeutlichen zugleich die große Wichtigkeit einer 
geeigneten, handlungs- und planungsorientierten Darstellung dieser Information. Die begrenzte 
Reichweite als eine erlebte psychologische Herausforderung und der potenziell resultierende 
Reichweitenstress (Rauh et al. 2015) stellen Themen der Energieeffizienz in der Interaktion mit 
dem Elektrofahrzeug besonders in den Mittelpunkt. Zentrale Faktoren sind hier sowohl die 
Transparenz in der Darstellung der Zusammenhänge zwischen dem Verhalten des Fahrers und 
dessen Wirkungen auf den Energieverbrauch als auch die Verlässlichkeit dieser Informationen. 
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Damit können durch eine geeignete Gestaltung der Nutzerschnittstelle sowohl 
Anpassungsprozesse an die neue Technologie unterstützt als auch effektive Strategien zur 
Bewältigung von kritischen Reichweitensituationen bzw. zu einer generell effektiven Interaktion 
mit Elektrofahrzeugen vermittelt werden. Neben sehr praktischen Ableitungen, wie der 
Zusammenstellung eines Anforderungskatalogs, der die Bedürfnisse der Nutzer nach zusätzlichen 
Informationsbedarfen im Elektrofahrzeug bündelt, oder dem Aufzeigen von Möglichkeiten zur 
verständlichen Darstellung des Energieverbrauchs, liefern die Befunde auch Implikationen für 
basale Prinzipien der Schnittstellengestaltung (vgl. Wickens et al., 2004) mit spezifischer Relevanz 
für den Kontext von Elektrofahrzeugen.  
Zusammenfassend implizieren die Befunde auch hinsichtlich der Fahraufgabe eine im 
Vergleich zum Verbrennerfahrzeug erhöhte Relevanz der Monitoringebene (Hollnagel & Woods, 
2005), also eine hohe Wichtigkeit des Abgleichs von Informationen aus der Umwelt mit dem 
aktuellen Betriebszustand des Fahrzeugs. Hier kommt der Gestaltung der Nutzerschnittstelle als 
einem zentralen Stellglied zur Vermittlung situationsspezifischer, transparenter sowie 
handlungsrelevanter Informationen für den Fahrer eine hohe Bedeutung zu. 
8.2 Implikationen für die Kompetenz zum energieeffizienten Fahren bei der 
Nutzung von Elektrofahrzeugen 
Energieeffizientes Fahren stellt eine zentrale Kernkompetenz des Fahrers im Umgang mit der 
begrenzten Reichweite von Elektrofahrzeugen und generell für einen umweltfreundlichen 
Individualverkehr dar. Dabei zeigten die untersuchten Lern- und Anpassungsprozesse zum einen 
eine Anpassung des Wissens hinsichtlich energieeffizienten Fahrverhaltens beim Wechsel vom 
Verbrenner- zum Elektrofahrzeug und zum anderen einen Zuwachs der Wissenskomponente mit 
zunehmender Elektrofahrzeugerfahrung. Gerade zu Beginn der Elektrofahrzeugnutzung kann 
somit eine Unterstützung des Fahrers helfen, auch das Vertrauen des Fahrers in seine eigene 
Kompetenz zum energieeffizienten Fahren zu erhöhen. So zeigte die geteste wissensbasierte 
Intervention diesbezüglich einen positiven Effekt, der sich auch auf die subjektive Einschätzung 
der Verhaltens- und Performanzkomponente von energieeffizientem Fahren übertrug. Die 
Wirkung der wissensbasierten Intervention zeigte sich jedoch im Vergleich zu einer 
Kontrollgruppe nicht in einer erhöhten Kompetenz zum energieeffizienten Fahren hinsichtlich der 
Verhaltens- und der resultierenden Performanzkomponente. Hier scheint die Implementierung 
von fertigkeitsbasierten (vgl. Rasmussen, 1983) Elementen ein vielversprechender Ansatz zu sein. 
Die subjektiven Effekte der implementierten Intervention können dennoch als hilfreich 
hinsichtlich der Wissenskomponente angesehen werden (deklaratives Wissen; Anderson, 2013b) 
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und können möglicherweise auch dazu beitragen, potenziell wahrgenommenen 
Reichweitenstress zu reduzieren (vgl. Rauh et al., 2015) 
Generell waren sowohl elektrofahrzeugunerfahrene als auch -erfahrene Nutzer in der 
Lage durch die Anwendung effektiver Strategien den Energieverbrauch des Elektrofahrzeugs zu 
senken. In diesem Zusammenhang kann somit von einem positiven Transfer (Fitts & Posner, 1967) 
von Fertigkeiten mit dem Verbrennerfahrzeug auf das Elektrofahrzeug ausgegangen werden. Eine 
nähere Betrachtung des Kompetenzerwerbs, auch auf Mikroebene einzelner 
Verhaltensstrategien, ist hier von zentraler Bedeutung. 
8.3 Implikationen für die motivationale Komponente energieeffizienten 
Fahrens 
Die Ergebnisse hinsichtlich motivationaler Aspekte energieeffizienten Fahrens unterstreichen die 
Bedeutung dieser Komponente zusätzlich zur individuellen Kompetenz des Fahrers, 
energieeffizient zu fahren, für das tatsächlich gezeigte Fahrerverhalten (vgl. auch Lauper et al., 
2015; Schießl et al., 2013). Sowohl rationale (Ajzen, 1991) als auch hedonische Motive 
(Lindenberg & Steg, 2007) stehen in einem mitteleren bis hohen Zusammenhang mit der 
Energieeffizienz des „normalen“ Fahrverhaltens mit dem Elektrofahrzeug. Diese Erkenntnisse 
liefern zum einen Implikationen für geeignete Maßnahmen zur Steigerung der Energieeffizienz 
und können zum anderen in gewissem Umfang auch auf weitere Fahrzeuge übertragen werden. 
So zeigten sich in den Vergleichen der motivationalen Komponenten zwischen Verbrenner- und 
Elektrofahrzeugen ähnliche Einschätzungen, beispielsweise hinsichtlich des hedonischen Werts 
von energieeffizientem Fahren. Aus den positiveren Einstellungen und stärkeren 
Verhaltensintentionen in Bezug auf energieeffizientes Fahren mit dem Elektrofahrzeug kann ein 
erhöhtes Potenzial dieser Fahrzeuge für energieeffizientes Fahrverhalten angenommen werden, 
das möglichst voll ausgeschöpft werden sollte. Die im Elektrofahrzeug als niedriger eingeschätzte 
Verhaltenskontrolle hinsichtlich der Energieeffizienz stellt einen wichtigen Ansatzpunkt für 
geeignete Maßnahmen dar, der sich auch durch die Befunde zur Evaluation der 
Nutzerschnittstelle und die Implikationen für die Fahraufgabe zieht. Entscheidend ist hier die 
transparente Vermittlung der Wirkfaktoren des Fahrerverhaltens auf den Energieverbrauch und 
damit verbundenen, konkreten Handlungsmöglichkeiten zur Verlängerung der verbleibenden 
Reichweite des Fahrzeugs.  
Schließlich zeigte sich mit dem hedonischen Motiv ein wichtiger Motivator für 
energieeffizientes Fahren, der genutzt werden kann, um den für Elektrofahrzeuge ohnehin 
wichtigen Aspekt des Fahrspaß‘ (Bühler et al., 2014; Schuitema et al., 2013) auch für den Umgang 
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mit der begrenzten Reichweite zu übertragen. So muss energieeffizientes Fahren nicht nur auf 
seine Zweckdienlichkeit beschränkt bleiben, sondern sollte für den Nutzer als positive 
Verhaltensweise erlebbar gemacht werden. Gerade durch Systeme wie die Rekuperation, deren 
Handhabung von Nutzern als angenehm erlebt wird (Cocron et al., 2013), in Kombination mit 
spaßbetonten Ansätzen der Schnittstellengestaltung, wie den der Gamifizierung (z.B. Diewald et 
al., 2013), kann die Energieeffizienz im Elektrofahrzeug als positiv für den Nutzer erlebbar und 
damit noch weiter gesteigert werden, was letztlich zu einer verbesserten Umweltfreundlichkeit 
dieser Technologie führt.  
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The current study examines the human–machine interface of a battery electric 
vehicle (BEV) from a user perspective, focussing on the evaluation of BEV-specific 
displays, the relevance of provided information and challenges for drivers due to 
the concept of electricity in a road vehicle. A sample of 40 users drove a BEV for 6 
months. Data were gathered at three points of data collection. Participants 
perceived the BEV-specific displays as only moderately reliable and helpful for 
estimating the displayed parameters. This was even less the case after driving the 
BEV for 3 months. A taxonomy of user requirements was compiled revealing the 
need for improved and additional information, especially regarding energy 
consumption and efficiency. Drivers had difficulty understanding electrical units 
and the energy consumption of the BEV. On the background of general principles 
for display design, results provide implications how to display relevant information 
and how to facilitate drivers’ understanding of energy consumption in BEVs.  
Keywords: human–machine interface, battery electric vehicle, energy consumption, 
user-centred design 
Practitioner Summary 
Battery electric vehicle (BEV) displays need to incorporate new information. A taxonomy of user 
requirements was compiled revealing the need for improved and additional information in the 
BEV interface. Furthermore, drivers had trouble understanding electrical units and energy 
consumption; therefore, appropriate assistance is required. Design principles which are 
specifically important in the BEV context are discussed. 
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1 Introduction 
Given limited oil resources and the aim to reduce CO2-emissions in the transportation sector, 
battery electric vehicles (BEVs) are regarded as one of the most promising solutions to enhance 
the sustainability of today’s transportation system (King 2010). When introducing new and more 
sustainable technology as BEVs, user needs and requirements should be incorporated in the 
design of the system (Haslam and Waterson 2013). The particular features of BEVs imply the need 
to accommodate the human-machine interface (HMI), which plays a central role in enabling users 
to adapt to the new and unfamiliar vehicle characteristics.  
A specific feature of BEVs is limited range, which is especially important given the present 
context of currently long charging durations and limited availability of charging stations (Franke et 
al. 2012, Graham-Rowe et al. 2012). Due to the limited range of BEVs and the resulting range 
concerns (Franke et al. 2012), it is important for the vehicle displays to comprehensibly and 
reliably present information about remaining range (Turrentine et al. 2011; Nilsson 2011). 
Moreover, the importance of detailed and comprehensible information on the current and future 
status of the BEV and the effects of the driver’s actions together with other factors on energy 
consumption (i.e. remaining range) is stressed (Lundström et al. 2012; Nilsson 2011). 
Furthermore, the driving task is affected by the regenerative braking system, which retrieves 
energy during deceleration and, therefore, offers the opportunity to extend remaining range 
(Cocron et al. 2013). Accordingly, the increased importance of driving style, in terms of energy 
saving and energy management, relative to conventional vehicles is highlighted (Sovacool and 
Hirsh 2009). Another challenge for users is understanding the concept of ‘electricity’ in the driving 
context (Strömberg et al. 2011), with its unfamiliar units of measurement (e.g. Watt, Ampere). 
Against this background the question arises, how this information can be presented so that users 
can easily understand it. Furthermore, it is important to explore, which information should be 
displayed in a BEV.  
The objective of this study was to examine a BEV HMI from a user-centred perspective, 
focusing on visually displayed information and investigating drivers’ comprehension of energy 
consumption displayed in electrical units of measurement. These issues were addressed in a 
longitudinal field study in which participants had the opportunity to use a BEV on a daily basis.  
1.1 Background 
Driving is a complex task involving a variety of activities. Driver feedback should, therefore, 
provide relevant information about the driving task in a way that the driver’s perception of this 
information is rapid, accurate and non-distracting. Furthermore, appropriate information should 
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be presented to be easily understood and meaningful for drivers. The goal of satisfying the needs 
of drivers is key to the user-centred design (UCD) approach (Norman 1986; Fastrez and Haué 
2008), which can be also applied in the context of automobiles (e.g. Ayoob, Grace, and Steinfeld 
2003; Barbé and Boy 2006). UCD is a philosophy and a methodological approach that includes 
potential end-users in the centre of the design process. It places emphasis on the feedback and 
expressed needs of these users at each stage of the development process from the initial (i.e. 
before the first draft) to the final design (i.e. even after the product is on the market; Abras, 
Maloney-Krichmar, and Preece 2004). Given this approach, it is important to involve the user in 
the development of BEV interfaces. The current study was conducted at a rather late stage in 
design process with users experiencing a BEV prototype on a daily basis. Due to the specifics of 
the technology and the unfamiliarity with this new mode of transport, the usage of BEVs under 
everyday conditions is considered a crucial precondition for a valid examination of the BEV’s HMI 
(Strömberg et al. 2011; Wellings et al. 2011).  
The design of interfaces should take into account general design guidelines and principles. 
Literature provides a large number of guidelines for interface design, although most of these 
guidelines are specific to the design of human-computer interaction and software dialogues (e.g. 
Bevan 2001). Wickens et al. (2004) compiled some basic human factors principles of display 
design, which are also applicable to BEV interfaces. The authors differentiate between principles 
related to human perception, attention, memory and mental models (Wickens et al. 2004).  
Perceptual principles of display design are directly related to perceptual processes. One 
example is the principle of redundancy gain, which indicates that the presentation of the same 
information in more than one way increases the likelihood that it is understood correctly. The 
importance of users’ prior knowledge, expectations and experience with a system for the 
interpretation of the presented information is considered by mental model principles, which are 
based on Norman’s concept of mental models (1983). In this regard, the principle of configural 
displays (Sanderson et al. 1989), for instance, advises to choose a presentation that looks like the 
respective parameter in the environment. Memory principles, such as the principle of predicitive 
aiding and the principle of consistency, take into account the limited capacity of the working 
memory. While the principle of predicitive aiding recommends that displays should support the 
user to predict the future status of a certain parameter, the principle of consistency states the 
importance of designing displays in accordance with other displays or systems (e.g. consistent 
colour coding) users experienced already. One principle based on attention is the proximity 
compatibility principle (Wickens and Carswell 1995) which recommends displaying pieces of 
information closely to each other, that need to be integrated or compared. Another attention-
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based principle is the minimisation of information access cost, which aims at low costs (i.e. effort 
and time) to get highly relevant information.  
Not every principle is applicable, or of specific importance, to the HMI of BEVs. The 
present contribution focuses only on those principles, which are of particular relevance to support 
the driver to meet the challenges of the new features of BEVs based on the findings of the study.  
Some studies have investigated the HMI of BEVs. For example, Strömberg et al. (2011) 
examined the BEV interface in a simulator study with BEV-inexperienced participants and found 
that range was rated as the most important information, whereas energy efficiency was of 
relatively low importance. Similarly, Nilsson (2013) found range as most important information in 
an interview study with drivers who experienced the BEV for 1 month. However, as the studies 
provide qualitative results, quantitative data on the importance of presented information, also in 
relation to other BEV-specific information (e.g. energy consumption), is missing. Further, it 
remains unclear, if and how the rated importance of specific information changes over an 
extended period of BEV usage. 
Certain pieces of information are displayed in almost all available BEVs: remaining range, 
state of charge (SoC), instantaneous power and average consumption (Wellings et al. 2011). Some 
research suggested that additional information, beyond this basic standard, needs to be provided 
in the BEV interface. In this regard, there are typically two kinds of investigations: research either 
(1) evaluating a BEV or its specific feautures from a user-perspective and drawing conclusions 
about drivers’ information requirements or (2) developing certain BEV-specific devices taking into 
account user feedback.  
The latter, research investigating the development of devices, is usually focussing on an 
improved indication of range information, and thus energy availability. For instance, Lundström 
and Bogdan (2014) developed a presentation of range relating to the influencing factor of driving 
speed based on the finding that experienced BEV drivers did not trust the remaining range display 
and instead developed own strategies to relate to remaining range. Loehmann et al. (2014) 
examined a multimodal interface to display energy availability and BEV status. Conducting the 
study in a driving simulator with ICEV drivers, it revealed a good user experience assessment. 
Lundström et al. (2012) evaluated a BEV display representing remaining range on a map in order 
to make this information more graspable to users. The tool was assessed useful for trip planning 
by a BEV-inexperienced sample. Although these concepts seem to be promising approaches to 
meet the specific needs as experienced BEV users were partly involved in the early design process, 
an evaluation of these prototypes in a daily usage setting with actual BEV drivers is still missing. 
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With respect to studies investigating a BEV or specific features, Nilsson (2011) conducted 
an interview study examining the human-machine interaction of eight drivers who experienced a 
BEV for at least 3 weeks from the perspective of the phenomenon of range anxiety. Amongst 
other strategies, participants expressed the need for more accurate information about the state 
of the BEV, some participants required additional systems like smart navigation or energy use of 
specific features. With regard to plug-in hybrid electric vehicles (PHEVs), users have been 
observed to desire improved information on energy efficiency (Stillwater and Kurani 2011). In an 
analysis of data from secondary sources, Woodcock et al. (2012) identified global HMI-related 
themes (e.g. range, charging and adaptation to eco-driving) and formulated some general 
recommendations for BEV interfaces. Besides, BEV experience seems to be a crucial and 
influencing factor on the evaluation of the BEV interface. In that context, Nilsson (2014) found 
that drivers with extended BEV experience understood changes in remaining range prediction 
better than drivers who were less experienced.  
Even if some studies examined the HMI in BEVs, a more detailed investigation of the 
information requirements of experienced BEV users is missing. Furthermore, it is important to 
supplement qualitative findings on users’ requirements with quantitative data investigating the 
perceived sufficiency of provided information and possible changes with BEV experience.  
Some studies on the interface of electrical driven vehicles also report that participants 
have problems in understanding the electricity-related contents within the driving context and 
the presentation of energy consumption in electric vehicles. A field study by Stillwater and Kurani 
(2011) revealed that participants felt confused and even distracted by the energy consumption 
information displayed in a PHEV. In some cases drivers ignored fuel economy displays because of 
their high complexity and reported that they failed to drive efficiently. Although PHEVs seem to 
be similar to BEVs in that electricity can be used to power the vehicle, not much is known about 
whether results generalise to BEVs. Strömberg et al. (2011) found that users had problems 
understanding information on energy efficiency and electrical units of measure when driving a 
BEV-simulator. The authors speculate about whether results would change with increasing BEV 
experience. These findings emphasise the importance of thoroughly examining users’ knowledge 
and understanding of the concept of electricity in the driving context as well as energy efficiency 
information under real driving conditions.  
1.2 Study objectives 
The objective of the current contribution was to examine a BEV interface from a user-centred 
perspective, focussing on the evaluation of BEV-specific displays, the relevance of provided 
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information as well as drivers’ requirements and understanding of the concept of electricity. 
Research systematically examining users’ perceptions of the BEV interface as they gain BEV 
driving experience under daily driving conditions applying a longitudinal design is scarce. For this 
reason, we conducted field study research, seeking to generally evaluate and improve BEV 
displays and to identify key HMI-related issues specific to BEVs. The longitudinal design of the 
study allowed for a detection of changes with increasing BEV experience. 
In contrast to previously published research reporting predominantly qualitative data, this 
study employs a standardised and quantitative evaluation of perceived support through displays, 
taking into account the often highlighted display reliability factor (Woodcock et al. 2012; 
Turrentine et al. 2011). Additionally, the relevance of fundamental BEV-specific information is 
assessed quantitatively with gaining BEV experience.  
Further, following a mixed methods approach, we examined whether drivers felt 
sufficiently informed by the fundamental information provided by the test BEV and systematically 
investigated experienced users’ information requirements. 
As there is some evidence from literature indicating problems in understanding 
consumption information (e.g. Strömberg et al. 2011), we aimed an in-depth examination of 
users’ understanding of BEV energy consumption and electrical units. Of course, there are many 
aspects regarding electricity in BEVs. As a first step in research, we focus on the basic facet of BEV 
energy consumption, which might be more comprehensible to users than, for instance, rather 
abstract energy flow dynamics. 
To sum up, the present research employs a user-centred approach combining qualitative 
and quantitative data to examine a BEV HMI, addressing the following research questions: 
(1) Perceived support and relevance of information: How do drivers evaluate HMI 
components in a BEV? What information is considered relevant? What changes occur 
when drivers become more familiar with the BEV? 
(2) Sufficiency of information: Is sufficient information displayed? Is there a need for 
additional driver feedback beyond the current standard? If yes, what kind? 
(3) Knowledge and understanding of energy consumption: What do drivers know about BEV 
energy consumption? How can energy consumption information be displayed 
comprehensibly?  
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As a key part of this research, the reported findings are integrated and discussed in the context of 
general principles of display design (Wickens et al. 2004). Implications for BEV interface design are 
discussed. 
2 Method 
2.1 Field Study Setup 
The present contribution reports data from a large-scale BEV field study in the Berlin metropolitan 
area, embedded within a series of international BEV field trials (Vilimek, Keinath, and Schwalm 
2012). Within this study, there were two consecutive usage periods, each with 40 users driving a 
BEV for a 6-month period. During both usage periods, data was collected three times: after a 
short test drive and a standard introductory session to the BEV (T0), after 3 months (T1) and after 
6 months of BEV driving (T2). Results reported here focus on the second usage period, as 
quantitative data is available for T0, T1 and T2.  
2.2 Participants 
The 40 participants had an average age of 50 years (SD = 10.2), 5 were female. Most participants 
were highly educated: 72.5% held a university degree, 10% completed vocational school, 12.8% 
finished an apprenticeship and 2.5% stated that graduation from high school was their highest 
degree. One person did not give any information regarding educational level. Based on the 
provided information on qualifications, occupation and experience with electric mobility, it can be 
assumed that 17 individuals had familiarity with electricity related concepts through their 
employment in engineering or technical professions.  
The sample is assumed to represent a population of early BEV adopters as characterised 
by Plötz et al. (2014). One participant dropped out after T1. 
2.3 Vehicle features and displays 
The test vehicle used in the study was a converted MINI Cooper with about 170 km range under 
everyday conditions. The vehicle’s regenerative braking system transferred kinetic energy from 
the momentum back into the battery. This caused a deceleration whenever drivers removed their 
foot from the gas pedal. With a drag torque of -2.25 m/s², the test vehicle allowed for a 
considerably stronger deceleration than the engine brake of an internal combustion engine 
vehicle (ICEV; drag torque: about -0.8 m/s²; Eberl et al. 2012). 
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In the test vehicle interface, four central gauges provided fundamental information 
typically displayed in other BEVs (Wellings et al. 2011). First, there was the analogue SoC display 
(Figure 1, [1]), indicating the charge of the battery from 0 to 100%. Further, the HMI included a 
digital display of remaining range, which calculated kilometres left until empty, based on SoC and 
energy consumption over the preceding 30 km. In the test vehicle, the remaining range display 
was located below the SoC display in a menu box, in which additional information could be 
displayed (Figure 1, [2a]). This menu also featured the numerical display of average consumption 
in Ah/100km (Figure 1, [2b]), calculated based on kilometres driven since reset. As part of the 
speedometer, in the middle console of the BEV, the instantaneous power meter (Figure 1, [3]) 
indicated whether energy was drawn from the battery during driving or recaptured through 
regenerative braking using light-emitting diodes. As the test BEV was a prototype used exclusively 
for the purpose of studying electric mobility, the integrated displays were not newly developed, 
but adapted from the ICEV. This resulted in an elementary design which had the advantage that a 




Figure 1. Test vehicle displays. 
Notes: [1] SoC display, [2] integrated menu box indicating remaining range in km [2a] and average 
consumption in Ah/100 km [2b], [3] instantaneous power meter indicating energy consumed 
(above imaginary horizontal line) or retrieved through regenerative braking (below imaginary 
horizontal line). 
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2.4 HMI evaluation 
At each point of data collection, users had a face-to-face appointment with one member of the 
research group in a quiet room, which lasted about 3h. During the appointment, participants 
answered questions in a structured interview and completed questionnaires. The variety of 
applied methods enabled us to address a range of topics, also beyond HMI issues, (e.g. 
acceptance, charging infrastructure, usage and source of energy, range evaluation and mobility 
behaviour), which in turn allowed for a valid and comprehensive assessment of the BEV and the 
electric mobility system as a whole (for further information see Cocron et al. 2011).  
The longitudinal design of the study allowed for the detection of changes in users’ 
evaluations as they gained BEV experience. The field study approach contributed to the external 
validity of the obtained data. The current contribution focusses on data about the displays of the 
test BEV, which were collected in the structured interviews and in the questionnaires specified in 
the following sections.  
2.4.1 Perceived support and relevance of information  
To determine the general relevance of specific information, BEV drivers were asked to indicate 
the importance of information on remaining range, SoC, instantaneous and average consumption 
on a scale ranging from 1 (not important at all) to 10 (very important). The items (Table 1) were 
addressed at each point of data collection in order to assess changes with increasing BEV 
experience. 
Further, we assessed perceived support through displays as a usability-related indicator. 
For this purpose, we calculated an average score based on two items: (1) an item concerning 
display reliability and (2) an item assessing how helpful the particular display was for estimating 
the parameter displayed (Table 1). Participants were asked to express their approval to 
statements on a 6-point Likert scale ranging from 1 (completely disagree) to 6 (completely agree). 
Unless specified otherwise, this scaling was applied throughout the study. The first item was 
assessed because of research indicating that display reliability is essential for building trust (Yeh 
and Wickens 2001), and therefore, is a requirement for usability. The second item was assessed 
because perceived helpfulness in estimating particular parameters is important for assessing the 
basic usability of gauges. The correspondence of the calculated perceived support score with 
usability is reflected in the correlations with the system usability scale (SUS; Brooke 1996), which 
was applied to the visual analogue displays (SoC display, instantaneous power meter) at T0. Based 
on the strong and significant correlations between perceived support and the SUS score 
(instantaneous power meter: rs = .45; p = .004; SoC display: rs = .52; p = .001), perceived support 
can be assumed to be a usability-related measure. The scales assessing perceived support through 
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displays yielded acceptable Cronbach’s alphas (Hair et al. 2006; α > .60), except for the 
instantaneous power meter (α = .45) at T1.  
 
2.4.2 Sufficiency of information 
In order to evaluate whether drivers felt sufficiently informed, a mixed method approach was 
applied. The sufficiency of information was addressed quantitatively via items in a questionnaire 
(Table 1), referring to the two main issues of BEV-related information content (range and energy 
consumption), as well as the sufficiency of general displayed information at all data collection 
points.  
In addition, qualitative data were gathered to complement the quantitative ratings of 
information sufficiency and to obtain a comprehensive picture of experienced users’ 
requirements. Thus, during interviews at T1, participants were asked to suggest potential 
improvements to the interface and to indicate additional information that should be included. 
Answers to this open-ended question were transcribed verbatim and coded using the qualitative 
software tool MAXQDA 10. The data were categorised according to Mayring (2000). After reading 
through all statements, a set of initial, thematic codes was generated. This initial set of codes was 
further refined and specified by defining main categories and respective sub-categories. The 
obtained final system of categories was applied to all interview data. For each sub-category, the 
number of participants who mentioned a specific point (n) was analysed. As the defined 
categories were applied after data collection, the number of participants who mentioned a 
specific category could vary considerably. 
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Table 1. Overview of items assessing importance of information, perceived support through 
displays and knowledge about energy consumption. 
Importance of information (T0, T1, T2) 
Remaining range 
display 
How important to you is the information on remaining range? 
SoC display How important to you is the information on state of charge? 
Instantaneous power 
meter 
How important to you is the information on instantaneous consumption? 
Average 
consumption display 
How important to you is the information on average consumption? 
Perceived support through displays (T0, T1) 
Remaining range 
display 
The remaining range display always reliably indicates the remaining range in km. 
The remaining range display is helpful in estimating the remaining range. 
SoC display The SoC display always reliably indicates the SoC. 
The SoC display is helpful in estimating the SoC. 
Instantaneous power 
meter 
The instantaneous power meter always reliably indicates the 
consumed/regenerated energy. 
The instantaneous power meter is helpful estimating the energy consumed while 
driving. /The instantaneous power meter is helpful estimating the energy 
recaptured while regenerating. 
Average 
consumption display 
The average consumption display always reliably indicates the average 
consumption. 
The average consumption display is helpful in estimating the average consumption. 
Sufficiency of information (T0, T1, T2) 
In general In my opinion, the electric vehicle displays present sufficient information. 
Range-related The displays present sufficient information, so I feel confident estimating the range 
of the electric vehicle. 
Consumption-related The displays present sufficient information, so I feel sufficiently informed regarding 
the energy consumption of the electric vehicle. 
Knowledge about energy consumption 
Averaged annual 
consumption 
BEV: What is the typical energy consumption of the electric vehicle (averaged 
through the temperature range you experienced)? How certain are you about your 
estimation? (T2, estimate in electrical unit) 
ICEV: What is the typical energy consumption of your vehicle (annual average)? 
How certain are you about your estimation? (T0, estimate in l/100km) 
Averaged km per 
charge/tank 
BEV: How far can you travel on one charge (annual average) until the remaining 
range of the electric vehicle is 0 km? How certain are you about your estimation? 
(T2, estimate in km per charge) 
ICEV: How far can you travel per tank (annual average) until the tank of your vehicle 
is empty? How certain are you about your estimation? (T0, estimate in km per tank) 
Notes: Questionnaire items administered to assess importance of gauges, perceived support 
through displays and knowledge of BEV and ICEV energy consumption.  Importance ratings were 
given on a scale ranging from 1 (not important at all) to 10 (very important). Ratings regarding 
perceived support and sufficiency of information ratings were given on a 6-point Likert scale 
ranging from 1 (completely disagree) to 6 (completely agree).  
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2.4.3 Knowledge and understanding of energy consumption 
We were also interested in users’ comprehension of energy consumption displayed in electrical 
units of measurement. Two items were administered to estimate BEV energy consumption (Table 
1). One item asked users to estimate in electrical units (Ah/100km or kWh/100km). The other 
item asked for the familiar unit kilometres (per charge). To compare, users answered a parallel set 
of questions formulated for ICEVs (Table 1). For each item, participants indicated an absolute 
value for annual consumption and rated their subjective level of certainty ranging from 0% (very 
unsure) to 100% (very sure). Assuming that subjective competence and knowledge about energy 
consumption is reflected by the level of certainty in estimating consumption, subjective certainty 
was compared between ICEV and BEV estimations. Estimated absolute consumption values are 
not reported for ICEV or BEV, because they comprise considerable variations. For example, these 
variables are sensitive to differences in driving style, driving profile, and for ICEVs, differences in 
fuel efficiency.  
In order to obtain deeper insight into users’ understanding of energy consumption 
information, participants were asked to indicate their estimation strategies (T1). In their 
responses, participants distributed a total of 100 points among the following categories: 
information from instantaneous power meter, information from average consumption display, 
calculation by means of operating figures (e.g. capacity of the battery and achieved range), 
calculation by means of electricity bill and intuition.  
Additionally, drivers’ energy consumption display preferences were assessed as follows 
(T1): ‘Which unit would you prefer to display current energy consumption (and retrieved 
energy)?’ Participants were asked to indicate their approval on a 6-point Likert scale ranging from 
1 (completely disagree) to 6 (completely agree) of the following categories: kWh, Ah, visual 
analogue scale without units, visual analogue scale with units and achievable range per charge in 
km. 
3  Results 
The majority of data violated the assumptions of normality. However, as the analysis of variance 
(ANOVA) has been shown to be robust to violations of this assumption (Schmider et al. 2010), it 
was applied in order to also examine interactions and to prevent a loss of information (Field 
2009). In case the assumption of sphericity was not met, the Huynh-Feldt correction was used 
(Girden 1992). Size of effects was interpreted according to Cohen (1992). 
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3.1 Perceived support and relevance of information 
A repeated-measures ANOVA analysing participants’ ratings of information relevance (Figure 2) 
resulted in significant effects for both, information relevance, F(3, 111) = 102.00, p < .001, 
ηp
2  = .73, and time, F(2, 74) = 10.19, p < .001, ηp
2  = .22. The interaction of both factors was not 
significant, F(6, 222) = 1.96, p = .072, ηp
2  = .05. Pairwise comparisons (Bonferroni) revealed 
remaining range was evaluated as the most relevant type of information (M = 9.30, p-values < .01 
for all comparisons). SoC information (M = 8.47) was assessed as less relevant, but significantly 
more important than instantaneous consumption (M = 6.10, p < .001) and average consumption 
(M = 5.01, p < .001). Finally, average consumption was evaluated as significantly less relevant 
compared to instantaneous consumption (p = .002). With regard to time, pairwise comparisons 
showed a general decrease of relevance from T0 (M = 7.76) and T1 (M = 7.26) to T2 (M = 6.63, 
p < .001 and p = .045, respectively). 
 
Figure 2. Relevance of displayed types of information (means) at three points of data collection. 
Note: Error bars represent 95% CIs. N = 38. 
 
To analyse participants’ perceived support through displays, a repeated-measures ANOVA 
was conducted with the following variables: display type and time. Results revealed significant 
effects of display type, F(2.6, 99.3) = 20.73, p < .001, ηp
2  = .35, as well as of time, F(1, 38) = 32.83, 
p < .001, ηp
2  = .46. Follow-up pairwise comparisons (Bonferroni) showed several significant type of 
display effects (Figure 3): the remaining range display (M = 4.76) was assessed as significantly 
more supportive than the instantaneous power meter (M = 4.21, p < .001) and the average 
consumption display (M = 3.96, p < .001). There was no significant difference between the 
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remaining range and the SoC display (M = 4.66, p > .999), but support gained by the SoC display 
was perceived as significantly higher than the instantaneous power meter (p < .001) and the 
average consumption display (p < .001). Again, there was no significant difference between the 
consumption and instantaneous power meter (p = .364). However, perceived support decreased 
significantly from T0 (M = 4.65) to T1 (M = 4.14, p < .001). There was no significant interaction 
between time and display type, F(3, 114) = .11, p = .955, ηp
2  = .003. 
 
 
Figure 3. Perceived support through driver feedback (means) after a test drive with the BEV (T0) 
and after 3 months of BEV usage (T1). 
Note: Error bars represent 95% CIs. N = 39. 
 
3.2 Sufficiency of information 
Ninety-five percent of the users agreed that the BEV displayed sufficient information at T0. This 
percentage decreased to about 72% after 3 months of driving and remained the same at 6 
months. The repeated-measures ANOVA analysing perceived sufficiency of range- and 
consumption-related information revealed a significant effect of information type, 
F(1, 38) = 12.41, p = .001, ηp
2  = .246, and a significant interaction of time and information, 
F(2, 76) = 3.75, p = .028, ηp
2  = .09 (Figure 4). The main effect of time was not significant, 
F(2, 76) = 3.04, p = .054, ηp
2  = .07. Post hoc tests showed significant differences between perceived 
sufficiency of range- and consumption-related information only after experiencing the BEV (T1: 
t(38) = 2.86, p = .007, d = 0.45; T2: t(38) = 3.86, p < .001, d = 0.62). Even though participants’ 
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agreement that there was sufficient range-related information remained rather high with 
experience, it decreased for consumption-related information.  
 
 
Figure 4. Evaluation of sufficiency of driver feedback regarding range and energy consumption 
(means) at three points of data collection.    
Note: Error bars represent 95% CIs. N = 39. 
 
Moreover, interview data revealed that 77.5% of the participants suggested that 
additional or improved feedback should be incorporated in the BEV. Several (17.5%) of the users 
did not want additional information in the BEV and were in favour of keeping the interface simple 
and non-distracting. Two users did not respond. The qualitative analysis of the user suggestions 
resulted in the following main categories: consumption and energy management, range, charging 
and battery. The most frequent suggestions were coded as consumption and energy 
management, such as the need for additional information concerning energy-efficient driving and 
auxiliary load. Some participants recommended additional information or features regarding 
range and charging. Only a few users suggested including more information regarding battery. 
Details are shown in Table 2. 
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consumption (n = 12) 
 
Overview of last and current trip 
Indication in comprehensible units (Ah/100km too abstract)  
Indication in relation to range 
Indication in kWh/100km 




consumption (n = 5) 
 
Indication in comprehensible units; in relation to range  
More precise presentation of instantaneous consumption 
and regeneration with actual values 





efficient driving (n = 6)  
 
Information about efficient usage of regenerative braking 
Presentation of colour coded instantaneous consumption 
with regard to energy efficiency 
Information regarding extent of energy efficiency 
Cruise control to assist energy efficient driving 
Information regarding 
auxiliary features (n = 
6) 
Information about energy consumption of specific auxiliary 
features (e.g. heater, air conditioning) in km or kW 
Range Improved and 
additional information 
and functions (n = 7) 
Maximal driven range as reference value 
Reserve that could be activated to drive several kilometres 
when remaining range is 0 km 
Continuous presentation of range information (not in sub-
menu)   
Remaining range in relation to driving style 
Enhanced reliability of information 
Range information 
combined with 
navigation system  
(n = 2) 
Information about whether planned trip could be driven 
based on actual remaining range 
Charging Location and up-to-
date information about 
the availability of public 
charging stations (n = 3) 
Information about availability of charging stations 
Inclusion of charging stations in the navigation system 
 Parameters of the 
charging process (n = 3) 
Information about share of energy from renewable sources  
Costs per charging process 
Amount of energy per charging process 
Battery Improved information 
regarding state of 
charge (n = 2);  
State of charge in kWh 
 Parameters of the 
battery (n = 1) 
Continuous presentation of outside and battery 
temperature 
Note: n = Number of participants who mentioned this aspect. 
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3.3 Knowledge and understanding of energy consumption 
The comparison of the subjective certainty for the consumption estimates between ICEV and BEV 
revealed significant differences if estimates for BEVs were required in units of electricity (Figure 
5). Participants reported significantly lower levels of certainty when estimating the average 
annual energy consumption of the BEV in electrical units (M = 56.35%), t(36) = 4.71 p < .001, 
d = 0.77, than when estimating the same parameter for the ICEV (M = 88.43%). However, when 
estimating consumption using the range-related and familiar unit km per charge/tank for both 
vehicle types, the difference between the level of certainty of estimates for the BEV (M = 83.68%) 
and the ICEV (M = 87.05%), t(37) = 1.82, p = .076, d = 0.29, was no longer significant. Furthermore, 
missing values existed when participants estimated using electrical units (8 drivers could not 
report an estimate and therefore indicated a 0% certainty), but not when participants estimated 
using the more familiar km per charge.  
 
 
Figure 5. Comparison of levels of certainty in participants’ estimates of consumption for BEV 
versus ICEV. 
Notes: In case of estimation in vehicle-specific units, BEV energy consumption had to be indicated 
in electrical units (kWh/100km or Ah/100km); ICEV consumption in l/100km. Error bars represent 
95% CIs. N = 37 (estimation in vehicle-specific units), N = 38 (estimation in km per charge/tank). 
 
Participants’ ratings of different energy consumption estimation strategies generated a 
mixed picture of results (Figure 6). Rating points were allocated over five different strategies with 
the following strategies being the most endorsed: information in the average consumption display 
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received the most points (M = 34.23), followed by intuition (M = 30.58) and calculating by means 
of operating figures (M = 24.72).  
 
 
Figure 6. Strategies for estimating BEV energy consumption (means). 
Note: Error bars represent 95% CIs. N = 28. 
 
Additionally, users did not express clear preferences for a specific presentation of energy 
consumption information. However, the unit Ah (M = 2.30, SD = 1.22), which was used in the test 
vehicle, was rated as least popular. Participants marginally preferred the display of energy 
consumption on a visual analogue scale with units (M = 4.45, SD = 1.28) and the achievable range 
per charge (M = 4.23, SD = 1.39), in km. However, average level of endorsement of displaying 
energy consumption via visual analogue scale without units (M = 3.53, SD = 1.54) and the unit 
kWh (M = 3.65, SD = 1.64) was also moderate.  
 
4 Discussion 
4.1 Perceived support and relevance of information 
One aim of this contribution was to examine the relevance of fundamental BEV-specific 
information and to evaluate the perceived support by the BEV’s gauges while gaining driving 
experience. Results show a clear hierarchy in terms of importance of information, which is stable 
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with increased BEV experience: (1) range, (2) SoC, (3) instantaneous consumption and (4) average 
consumption. Hence, the high importance of range information (Strömberg et al. 2011, Nilsson 
2013) could be confirmed by the results of the current contribution. Although the ratings explicitly 
referred to the types of information and not the gauges, there could be bias in that users assessed 
the relevance of gauges. Thus, it could not be excluded that importance ratings might be 
confounded with presentation format, size and location of the displays. Furthermore, our results 
reveal that the importance of each type of information decreases as BEV experience increases, 
which might be the result of more familiarity with the vehicle.  
Moreover, drivers indicated that displays presenting energy consumption information 
were less supportive than the displays presenting remaining range and SoC. An overall decrease in 
perceived support of all displays was observed. With increasing experience, drivers might have 
perceived less support through displays than originally expected. This could be due to unreliability 
of the gauges, as discussed by others (e.g. Lundström and Bogdan 2014). Although our sample 
perceived the displays as only moderately supportive, perceived support might still be 
overestimated by this predominantly male sample. Recent research indicates that men tend to 
rate the usability of features more highly than females (e.g. Lin and Chen 2013).  
4.2 Sufficiency of information 
Our results on the sufficiency of feedback information highlight the importance of BEV experience 
for a thorough evaluation. Whereas perceived sufficiency of range- and consumption-related 
information did not differ when drivers were largely unfamiliar with the BEV, energy consumption 
information sufficiency was rated significantly lower (medium- sized effect) after driving the BEV 
for 3 months. Although users tended to agree that there is enough range- and consumption-
related information, the assessment of both information types still differed after gaining 
experience. Maybe users obtained greater insight into the complexities of driving a BEV as their 
experience increased. In this study, drivers might have realised that basic range-related 
information is provided, but that there is also a need to obtain a deeper understanding of the 
parameters and factors that influence energy consumption. This hypothesis is supported by the 
participants’ need for additional feedback. Users asked for more transparency regarding power 
drained by use of auxiliary features, as well as detailed and easily comprehensible energy 
consumption information. This would allow them to predict the effects of different driving 
strategies on remaining range. As driver behaviour (e.g. usage of regenerative braking) and 
especially the usage of auxiliary features (e.g. heating) is known to significantly influence the 
energy consumption of a BEV (Bingham, Walsh, and Carroll 2012), the expressed need for 
additional information about these features implies that drivers want to gain a deeper 
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understanding of the BEV’s energy consumption. Further, BEV drivers required additional range-
related feedback to improve trip planning and to better deal with limited range, as also discussed 
by Lundström et al. (2012). Additionally, drivers reported that the interface should be kept simple 
in terms of presentation format and amount of information displayed, which is consistent with 
findings that complex interfaces are poorly evaluated (e.g. Manser et al. 2010).  
4.3 Knowledge and understanding of energy consumption 
Our results pertaining to understanding of energy consumption and electrical units of 
measurement revealed that BEV drivers show a lack of understanding of electrical units and 
insufficient knowledge about BEV energy consumption. This is consistent with findings in the 
domain of home energy use (Chiang et al. 2014). Participants’ level of certainty in estimating the 
energy consumption of the BEV in electrical units was quite low relative to parallel estimates for 
users’ ICEV. Some participants were not even able to provide an estimate. When estimating 
energy consumption in the familiar unit (km per charge/tank), however, BEV users exhibited 
higher certainty levels and previous differences in consumption estimates for BEVs and ICEVs 
disappeared. This is consistent with research suggesting that drivers have a poor understanding of 
electrical units (Strömberg et al. 2011). Considering that nearly half of our sample works 
professionally with electrical issues to some extent, and therefore might be more familiar with the 
relevant concepts than the general public, it can be assumed that individuals who do not have 
such a background would comprehend even less. 
With respect to reported energy consumption estimation strategies, there was no clear 
preference for reliance on gauges as one might have expected. Instead, estimating energy 
consumption by intuition was reported just as often as estimating on the basis of the average 
consumption display, suggesting an incomplete understanding of the system and the need for an 
improved presentation. In sum, results reflect users’ difficulties with BEV energy consumption 
information, particularly electrical units.  
This picture is completed by our results on preferred presentation format for energy 
consumption information. Users rejected the electrical unit Ah and only moderately endorsed all 
of the other offered options. As users did not completely reject electrical units for displaying 
energy consumption, because they still endorsed kWh, it might be reasonable to combine 
electrical and familiar units in energy consumption displays.  
  
ARTIKEL 1   | 75 
 
4.4 Limitations of the study and future research 
Given that the usage of BEVs under daily conditions is considered an important 
precondition for a valid examination of the HMI of BEVs (Strömberg et al. 2011; Wellings et al. 
2011), our findings advance understanding of user requirements in this context. Still, due to the 
field study set up, a comparison of different display concepts was not possible. This needs to be 
addressed in future research. The constructed score of perceived support provides a rough 
usability indicator, which does not fully substitute for an extensive quantitative evaluation of 
different usability facets via validated questionnaires. The results of the study provide a 
foundation for additional HMI research examining the usability of the BEV interface under more 
controlled conditions taking also safety- and workload-relevant issues into account.  
Even if we tested a basic HMI at a very early stage of development, we could identify 
issues which are independent of the vehicle type. The displays of the test BEV provided 
fundamental pieces of information to the driver (remaining range, SoC, instantaneous power and 
average consumption), which are incorporated in almost each BEV (Wellings et al. 2011). 
Although some of the current BEVs provide additional information, we argue that it is important 
to evaluate a rather elementary design in order to understand what information needs to be 
provided and how BEV displays should be designed in future vehicles. Our sample mainly 
consisted of early adopters, which are a very important resource for identifying key issues of the 
HMI at early stages of development. Of course, depending on the development of the market the 
needs of other user groups as well as the interfaces of new generation BEVs have to be 
investigated.  
4.5 Implications for BEV interface and general discussion 
Another objective of this article was to discuss the reported findings in light of more 
general principles of display design (Wickens et al. 2004). Based on users’ information 
requirements regarding range (e.g. displayed match of trip length and remaining range) and 
energy consumption (e.g. effects of auxiliary features), the principle of predictive aiding is 
regarded as particularly relevant. Therefore, higher planning effort and feelings of anxiety due to 
limited range could be addressed. Following the principle of consistency, one could argue that BEV 
displays should be rather similar to those of ICEVs. However, as recent research found problems 
with both approaches, the conventional and the innovative design of BEV displays (Strömberg et 
al. 2011), future research should clarify which design should be preferred. With regard to the 
principle of consistency, we further argue that units displaying any kind of energy-related content 
should be consistent, even for battery capacity or engine power. Given that the Ampere was less 
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accepted by users, the Watt appears to be more appropriate (as already used in many of currently 
available BEVs). Regarding drivers’ preferences, a combination of Watts and the familiar range-
related unit km could be displayed, further contributing to the principle of consistency.  
Further, principles related to mental models help assessing the format of displayed 
information considering the extent they match the user’s expectations and experiences with the 
system (Wickens et al. 2004). In this context, the implementation of the principle of configural 
displays (Sanderson et al. 1989) seems adequate. This principle is already being applied in some 
BEVs today (e.g. the SoC display is associated with a battery symbol). However, as users of this 
study did not explicitly demand such symbols, the potential benefit of this principle should be 
subject to future research. 
Although SoC and remaining range are highly related, BEV drivers value both types of 
information. This is consistent with the principle of redundancy gain. Moreover, the somewhat 
redundant presentation of SoC, remaining range and further range-related information might be 
of particular importance due to the limited range of BEVs. The partial redundancy of the 
parameters could help drivers to verify the sources of information, thereby increasing confidence. 
This is particularly relevant against the background of a currently low accuracy of range prediction 
(e.g. Birrell, McGordon, and Jennings 2014), which was also reported by participants of our study 
who required an enhanced reliability of range information. 
In this context, the application of the proximity compatibility principle might also be 
useful. As SoC and range are related, these pieces of information should be displayed close to 
each other. Results from Nilsson (2013) who found that BEV drivers often combined range and 
SoC information in order to lower uncertainty about the indicated figures also point in this 
direction. Furthermore, the presentation of consumption information in range-related units (as 
also required by users) can also be linked to this principle. Given that range and SoC are 
particularly important pieces of information, they should be presented constantly and 
prominently in the gauges, thereby contributing to a minimisation of information access cost. In 
addition, the presentation of instantaneous power could be improved by colour coding (Bennett, 
Nagy, and Flach 2006) in order to help drivers differentiate between the stages of energy 
consumption and retrieval, a feature that is already integrated in some new generation BEVs. In 
this context, users suggested including reference values for range (e.g. maximum driven range) 
and consumption (e.g. extent of energy efficiency). This was also found to be helpful in 
comprehending consumption information in PHEVs (Stillwater and Kurani 2013). 
Looking at the second generation BEVs currently on the market, such as the Nissan Leaf, 
BMW i3 or Tesla Model S, it is evident that the amount of information provided has increased 
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compared to the test BEV of our study. Some of the added information contributes to the 
principle of predictive aiding, such as a map-based visualisation of driving range or the potential 
gain in range when shutting off auxiliary features. The principle of consistency is also applied using 
Watts consistently for displaying any kind of consumption. However, not all interfaces combine 
the range related unit kilometres with the unit of measurement for electricity, which might help 
drivers to better relate to measures of electricity. The mentioned second generation BEVs present 
both, remaining range and SoC information, closely together contributing to the principles of 
proximity compatibility and redundancy gain. Nevertheless, the SoC information might be 
presented too roughly to verify the indicated remaining range in some cases (e.g. only few 
segments of a battery represent SoC). Of course, there are more detailed information regarding 
SoC available in the sub-menus, but this collides with the minimisation of information access cost 
for this important information. Although the second generation BEVs indicate some reference 
values (e.g. average consumption for energy consumption statistics), there might be more 
enhanced reference values that could be displayed (e.g. an ‘optimal’ energy consumption under 
given circumstances). However, as the amount of displayed information increases, the challenge 
will be to provide enough information for the driver to manage the driving task and the limited 
range issue, but not to overload or frustrate the driver with too many information. 
5 Conclusions 
Based on the presented results, several suggestions for further improvement of the BEV HMI are 
derived. Amongst them the reliable prediction and presentation of important range information 
so that drivers can trust this indication. Correspondingly, a comprehensible and transparent 
presentation of energy consumption and influencing factors appears essential, such as the impact 
of auxiliary features or driving behaviour. Most of all, it will be a challenge to increase the 
transparency of the range prediction and its influencing factors while presenting the information 
in a way which is simple and easy to understand for users with varying BEV experience. 
As discussed, BEV-specific features could be particularly addressed in the display design of 
such vehicles by applying general design principles. The specific principles of predictive aiding, 
redundancy gain, proximity compatibility and minimisation of information access cost could 
contribute to addressing the BEV’s limited range. Finally, the principle of consistency as well as a 
useful categorisation of data could be applied to improve comprehension of electrical units of 
measurement and energy consumption. 
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ABSTRACT: Eco-driving is of high importance when driving battery electric vehicles 
(BEVs) in terms of prolonging the vehicle’s limited range. A longitudinal field study 
with 40 participants was conducted to examine which eco-driving strategies users 
know before and after driving a BEV for 3 months. Furthermore, participant’s 
knowledge regarding eco-driving strategies with BEVs versus internal combustion 
engine vehicles (ICEVs) was compared. After 3 months of BEV usage, a driving test 
was applied in order to investigate the strategies drivers apply to drive energy 
efficiently and to estimate the effectiveness of these strategies. Results reveal that 
reported eco-driving strategies for BEVs and ICEVs differ significantly. Users 
reported significantly more BEV eco-driving strategies after experiencing the BEV 
for 3 months than before. Furthermore, drivers were able to significantly reduce 
energy consumption by applying eco-driving strategies in the driving test. Reported 
eco-driving strategies proofed to be effective. The results imply that eco-driving 
strategies for ICEVs have to be adapted for BEV eco-driving and that drivers gain a 
deeper understanding of factors that influence energy consumption by 
experiencing the BEV for a longer period of time. Based on the results, support of 
the driver through training or assistance systems is recommended. 
Keywords: battery electric vehicle, eco-driving, field study, driver behaviour, 
adaptation, energy consumption. 
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1. Introduction 
Given the goal of reducing CO2-emissions in the transportation sector, the implementation of 
‘green solutions’ has gained importance in recent years. On the one hand, there are many 
technical developments that aim to make individual mobility efficient, like producing fuel-efficient 
cars with smart technologies. On the other hand, the driver himself has the potential to save 
energy, for instance, by applying an energy saving driving style or choosing energy-efficient routes 
(e.g., [1]). With respect to battery electric vehicles (BEVs), which are supposed to be an inherently 
‘green’ transportation technology, reducing energy consumption confers an additional benefit 
compared to conventional vehicles in terms of prolonging the limited range. Given the limited 
battery capacity and relatively long charging durations, an energy-efficient driving style might lead 
to a longer usable range per charge [2, 3]. Bingham, Walsh and Carroll [4] found that the energy 
consumption (i.e., range) of a BEV can vary by about 30% depending on driving style. 
Furthermore, BEVs are equipped with a regenerative braking system which enables the driver to 
actively regain energy in deceleration manoeuvres. This is also one of the reasons why results of 
studies examining eco-driving with internal combustion engine vehicles (ICEVs) cannot readily be 
transferred to BEVs [5].  
Eco-driving with conventional vehicles has been studied in depth (e.g., [6, 7]), but 
research on eco-driving strategies when driving a BEV are rare and focus predominantly on 
technical issues (e.g., [4]). In the present contribution eco-driving in BEVs is approached from a 
user perspective. More specifically, the objectives of the current research are (1) to investigate 
the eco-driving strategies drivers know before and after BEV experience and (2) how these differ, 
and thus have to be adjusted, from eco-driving strategies reported for ICEVs. Furthermore, the 
question is addressed, (3) whether drivers apply the stated strategies when asked to drive energy 
efficiently and (4) whether the strategies are effective in terms of eco-driving. Finally, the 
question is raised, (5) if experienced drivers are able to reduce BEV energy consumption if 
intended. 
2. Background 
2.1 Knowledge acquisition - the adaptation to BEVs 
When starting to use a BEV instead of an ICEV, a learning process is initiated in which the driver 
gets accustomed to the new driving features (e.g., low noise emission, regenerative braking) and 
to the challenges of the BEV (e.g., limited range, restricted charging opportunities). There is some 
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research investigating different facets of this learning and adaptation process to BEV usage. For 
instance, Cocron et al. [8] examined the adaptation process regarding the usage of regenerative 
braking and found relatively short adaptation intervals of 50 km BEV driving with only few and 
adjustable problems. Vilimek, Keinath and Schwalm [9] mentioned a change in user behaviour 
from daily charging to several times a week. The learning process regarding energy-efficient 
driving might be mostly related to the adaptation to the limited range of the BEV. In this regard, 
Franke et al. [10] reported an increase of optimal range utilization after integrating a BEV in daily 
routine. Furthermore, Pichelmann, Franke and Krems [11] found this adaptation period to be 
completed after about 3 months, whereas the concrete strategies and processes behind this 
adaptation still remained unclear. There are also some findings concerning a change of driving 
style towards less aggressive, and thus energy-efficient, driving. BEV drivers reported to somehow 
adapt their driving towards a less speeding and less aggressive driving style during a 5 months 
period of BEV usage [12]. Helmbrecht et al. [13] found an adaptation in terms of a smoother 
acceleration and deceleration in BEV driving compared to ICEV driving after 5 months of BEV 
experience. Overall, the before mentioned studies provide strong evidence that drivers adapt to 
BEVs when starting to use these vehicles instead of ICEVs which underlines the importance of this 
research topic.   
The OECD Scientific Expert Group [14] defined behavioural adaptations as “those 
behaviours which may occur following the introduction of changes to the road-vehicle-user 
system and which were not intended by the initiators of the change. Behavioural adaptations 
occur as road users respond to changes in the road transport system such that their personal 
needs are achieved as a result." [p.23]. Given the BEV with its new features, including the limited 
range (i.e., the change in the system), and the mobility needs of users (i.e., driver needs), that 
sometimes exceed the given resources, eco-driving would be a behavioural adaptation to fulfil or 
at least better fit the driver’s mobility needs. In literature, adaptation processes are often linked 
to learning. For instance, Anderson [15] considers learning as “the mechanism by which organisms 
can adapt to a changing and non-predictable environment” [p. 3]. Accordingly, the learning 
process that takes place during the first months of BEV driving can lead to a successful adaptation 
to the BEV. During this process drivers gain knowledge regarding the BEV energy consumption 
and influencing factors. Research on training [16] as well as on pro-environmental behaviour [17] 
indicates that the knowledge of strategies is an important precondition for (energy saving) 
behaviour.  
The present study examines the transition and, if necessary, the adjustment of drivers’ 
knowledge regarding ICEV to BEV eco-driving when experiencing the BEV for 3 months. 
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2.2 Eco-driving in BEV use 
In general, BEV eco-driving is regarded as particularly valuable, also in comparison to energy-
efficient driving with ICEVs, because it offers the opportunity to prolong the limited range per 
charge. As also found for ICEVs, there is potential to save energy when applying a less aggressive 
driving style during BEV driving [4]. Furthermore, it is argued that, because of the regenerative 
braking, the fuel economy of electrical driven vehicles is much more sensitive to the driver’s 
driving style than that of ICEVs [18]. In parallel to results of research on ICEVs (e.g., [19]), some 
findings on energy consumption of BEVs imply that the reduction of energy consumption could be 
supported by eco-driving applications [20, 21]. However, such research predominantly focuses on 
performance measures and does not or only marginally take the user perspective into account. 
Additionally, there are some hints from current research that prior knowledge and experience in 
eco-driving might result in better eco-driving performance [22, 23]. Walsh et al. [22] examined the 
impact of driving style on BEV energy consumption on a driving cycle with 6 participants, who 
differed with regard to their driving styles. When driving as subjects’ would usually do, the most 
efficient driver turned out to be an eco-driving expert. Similarly, Knowles, Scott and Baglee [23] 
found an advanced eco-driver to perform best amongst 11 test drivers in terms of energy 
efficiency. However, in these studies knowledge was neither manipulated nor explicitly examined. 
Additionally, both studies investigated eco-driving with only few participants without long term 
BEV experience.  
Literature provides different conceptualisations of the construct eco-driving. Sivak and 
Schoettle [24] have a very broad definition of “eco-driving include[ing] those strategic decisions 
(e.g., vehicle selection and maintenance), tactical decisions (e.g., route selection), and operational 
decisions (e.g., driver behaviour) that improve vehicle fuel economy” [p.96]. For the current 
study, we use the term eco-driving in a more narrow sense focusing on ‘operational decisions’ 
meaning strategies a driver could apply in order to drive more energy efficiently; ‘strategic’ and 
‘tactical decisions’ are of minor importance here.  
3. Research objectives 
In the present contribution, the learning process when adapting from ICEV to BEV driving is 
addressed focussing on eco-driving strategies. Current research implies that BEV energy 
consumption is somehow influenced by specific driver behaviour [4]. As knowledge of a specific 
behaviour is known to be an important precondition for this behaviour [16, 17], the drivers’ 
knowledge regarding BEV eco-driving strategies is examined. Additionally, eco-driving strategies 
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known for ICEVs and BEVs are compared to illustrate a possible adaptation to BEV eco-driving. 
Specifically, the following research questions were addressed: 
(1) Knowledge: Which strategies do drivers know to drive energy efficiently with BEVs before 
and after hands-on experience with a BEV?  
(2) Knowledge: How do reported eco-driving strategies with a BEV differ from strategies with 
ICEVs?  
Besides the knowledge of eco-driving strategies, it is crucial for BEV drivers to be able to 
apply those strategies when intended, for instance, when the BEV is low on charge. Furthermore, 
the validity of strategies, and thus a real energy saving potential, as well as the ability to actively 
reduce energy consumption can be seen as important requirements for a successful adaptation 
process. For these reasons, the present study investigates the following research questions: 
(3) Behaviour: Do drivers apply reported strategies when instructed to drive energy 
efficiently? 
(4) Effectiveness: Are reported strategies really effective when implemented while driving? 
(5) Performance: Are BEV experienced drivers able to reduce their energy consumption 
compared to normal driving when instructed to drive energy efficiently?  
4. Method 
4.1 Participants 
A sample of 40 users was selected to use the BEV for 6 months in a private household setting (for 
more details regarding the selection process see [25]). The 35 men and 5 women had a mean age 
of 49.9 years (SD = 10.19) and held their driving license, on average, for 31.0 years (SD = 9.94). 
The majority of the participants (80%) were experienced ICEV drivers with an annual mileage of 
about 10.000 to 30.000 km. The sample was well educated, 72.5% held a university degree. Some 
of the users (40%) stated that they had already driven some kind of electric vehicle (hybrid and/or 
BEV) before. Yet, most of them (81.3%) had tested such a vehicle only for a short test drive. One 
participant dropped out after 3 months of BEV driving (second point of data collection). 
4.2 Field trial 
The current research was part of the second BEV user study of a large scale field trial in the 
metropolitan area of Berlin [26, 27], embedded within a series of international field studies [28]. 
Data were collected three times throughout the study: when receiving the BEV (T0), after 3 
months (T1) and after 6 months (T2) of BEV driving. At these three points of data collection 
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participants completed questionnaires and answered structured interview questions. For the 
current contribution data were collected at T0 and T1. 
A converted MINI Cooper with a range of around 170 km under normal driving conditions 
was used as the test BEV for the study. The test vehicle was an automatic transmission car. The 
implemented regenerative braking system returned energy to the battery whenever drivers lifted 
their foot from the accelerator by applying decelerations up to -2.25 m/s². The two-seater 
contained some BEV-specific gauges: the state of charge (SOC) display, the remaining range 
display, the average consumption display and the instantaneous power meter. 
4.3 Driving test 
After 3 months of BEV usage, a driving test was implemented. Participants were instructed to 
drive a certain route of about 4 km length in urban traffic for two times (Figure 1). The route was 
chosen because it represented a typical urban traffic setting, which was assumed to be 
experienced most often by users of the current study and which is also discussed as the most 
promising use case for BEVs (e.g., [13, 29]). The route alternated between one- and two-lane 
driving and had a high number of intersections (with and without traffic lights). As usual in 
German urban areas, the speed was limited to 50 km/h, partly to 30 km/h. The subjects were 
accompanied by an investigator who could record deviations from the given route. The 
instructions for the two rounds within the driving test were as follows: 
(1) “Please drive the given route as you would normally do. We use this test drive for 
calibration of data loggers.” (condition normal) 
(2) “Please drive the given route as energy-efficient as possible. Please drive in a way which 
does not obstruct traffic.” (condition eco) 
The sequence of the two rounds was not counterbalanced as also found in other studies 
[20, 21], because it was important to collect the normal driving behaviour of the participants 
before asking for eco-driving. It was expected that if drivers were already instructed to drive 
energy efficiently in the first round and know about the research interest, it would somehow 
influence their ‘normal’ driving in the second round. For both rounds of the driving test several 
variables (information from the displays) were recorded via protocols (date, time, battery 
temperature, SOC and remaining range) at the beginning and the end of each round. Additionally, 
remarks about considerable events or hazards, like suddenly crossing pedestrians, could have 
been noted. Events that usually occur in urban traffic and that could provoke braking events, like 
red traffic lights or a braking car in front, were not assessed during the test drive. It was assumed 
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that those events correspond to some extent to the evaluated traffic density and would occur 
roughly evenly amongst users and test drives. 
 
Figure 1. Test track in urban traffic in the city of Berlin (S = start and end point). 
In order to control for different traffic conditions, subjects were asked to rate the traffic 
density after each round on a more fine-grained scale (0, 1, ..., 9, 10), where only the end points 
of the scale were labelled (1 – “no traffic at all” and 10 – “very high traffic”). The traffic densities 
for both rounds of the driving test was rated rather medium (Mnormal = 4.22, Meco = 4.08) and did 
not differ significantly from each other, t(36) = 0.67; p = .508. Deviations from the given route 
were not detected. 
4.4 Data Collection 
4.4.1 Knowledge acquisition regarding eco-driving strategies in BEV and ICEV driving 
In order to examine which BEV eco-driving strategies participants knew, the following open-ended 
question was addressed after a short test drive with the BEV (T0) and after 3 months of BEV 
driving (T1): “Which strategies do you know to actively prolong the BEV’s range?” (“…to drive 
energy efficiently with the BEV?” at T1). For a comparison of known strategies across both power-
trains, the same question was applied with regard to the usually driven ICEV (T0): “Which 
strategies do you know to drive energy efficiently with the ICEV?” All answers to these questions 
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were recorded and transcribed; afterwards the statements were coded using inductive category 
development according to Mayring [30]. A system of categories, developed by reviewing the 
material several times while defining and re-defining categories, was applied to all answers. As 
most statements were clearly formulated, minimal effort was required to clarify interpretation. In 
order to control for possible bias that might occur during the coding process, 50% of the material 
was independently coded by two involved researchers. Based on the codings of both researchers 
the interrater reliability (к) was calculated according to Cohen [31], 
 к = (pa – pe) / (1 – pe), 
where pa is the proportion of agreed on judgements of both coders and pe is the probability of 
agreement by chance. Results reveal an ‘almost perfect’ interrater reliability (BEV strategies: 
к = .96; ICEV strategies: к = .87; [32]). After the coding process was completed, the frequency of 
each assigned category was analysed. 
4.4.2 Indicators for eco-driving behaviour 
Each BEV was equipped with an on-board data logger which continuously recorded parameters 
from the CAN bus. Pre-processed logger data were provided by the car manufacturer. All 
parameters were aggregated per 1 km. During the driving test, data were collected for 37 
participants; due to technical reasons logger data for two participants was not available. 
The following parameters were analysed regarding the applied eco-driving strategies 
(behaviour): (a) mean acceleration, (b) variance of acceleration, (c) mean speed, (d) mean 
regenerative power (z-standardised), (e) net total energy consumption (z-standardised), (f) energy 
consumption without auxiliary features (z-standardised), (g) power of auxiliary features (heater 
and air conditioning). In order to produce an externally valid scenario, the usage of auxiliary 
features was not standardised for participants throughout the driving test. Besides, the usage of 
auxiliary features is known to significantly influence energy consumption [4]. In order to prevent 
from data distortion and to realistically describe the effects of driving-related strategies, like 
driven speed and acceleration, we used energy consumption without the consumption of auxiliary 
features (labelled as ‘energy consumption’) throughout the analysis (except for analysis regarding 
the strategy ‘usage of auxiliary features’ in section 5.2.4).  
4.4.3 Indicators for effectiveness  
In order to control for potential influence, the battery temperature and the state of charge in the 
beginning of both drives were also taken into account. As the data revealed a correlation of 
battery temperature and energy consumption, this influence was statistically controlled via partial 
ARTIKEL 2 | 95 
 
correlation. Thus, the effectiveness of each eco-driving strategy was calculated via the partial 
correlation of energy consumption and the specific eco-driving behaviour parameter.  
4.4.4 Indicator for eco-driving performance 
Furthermore, the energy consumption (z-standardised) of both rounds of the driving test (normal 
vs. eco) was compared to analyse whether participants were able to drive energy efficiently when 
instructed to do so (performance). 
5. Results 
5.1 Knowledge acquisition regarding eco-driving strategies 
Drivers reported several strategies for improving driving efficiency with BEVs. Amongst others, 
they stated that avoiding high speeds, choosing an anticipatory driving style, avoiding auxiliary 
functions (e.g., air conditioning, radio), using regenerative braking and choosing the most energy-
efficient route to the destination would save energy while driving (see Table 1). Reported eco-
driving strategies for BEVs were similar for both points of data collection. However, in order to 
investigate whether or not the proportion of participants mentioning a specific category to save 
energy with the BEV changed significantly over time or differed between BEV and ICEV, the 
McNemar test was calculated for each strategy. All mentioned strategies as well as results of all 
comparisons are presented in Table 1. The analysis revealed that the impact of experience was 
significant for the following reported BEV eco-driving strategies: avoiding auxiliary loads and 
accelerating moderately.  
Comparing the strategies stated for BEV and ICEV eco-driving, it became apparent that 
the most often mentioned ICEV eco-driving strategy (75% of participants), use highest gear 
possible, is not applicable in BEV eco-driving. This is the same for the avoidance of idling, which 
was reported by 27.5% of the participants. The drivers understood that these strategies were not 
applicable due to the specific characteristics of the BEV (e.g., automatic transmission). Further, 
based on the results of the McNemar test, proportions of stated strategies for ICEVs were 
significantly higher for the BEV regarding avoidance of auxiliary functions at T1, and usage of 
regenerative braking or avoidance of braking1 for T0 and T1. The proportions of stated eco-driving 
                                                          
1
 ICEVs are not equipped with regenerative braking. The engine brake, which is used during the avoidance of braking, is regarded as its 
ICEV equivalent. Additionally, the BEV category ’usage of regenerative braking’ was also linked to the avoidance of braking by the 
users. For these reasons the category ‘avoidance of braking‘ was considered for comparison with ‘usage of regenerative braking’. 
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strategies for ICEVs were significantly higher in comparison to BEVs regarding letting the car roll 
or sailing2 at T1, optimal tires and tire pressure at T1 and minimisation of load at T1. 
In addition to the changes for each specific eco-driving strategy, we investigated the sum 
of all strategies stated at T0 and T1 per participant. As the data violated the assumption of normal 
distribution, the Wilcoxon test was calculated revealing significant differences, z = -2.25; p = .024; 
r = -.25. Results show that drivers reported significantly more strategies after driving the BEV for 3 
months (Mdn = 4) than after the first test drive with the BEV (Mdn = 3). Whereas subjects stated 
significantly less strategies with a BEV in comparison to strategies with an ICEV (Mdn = 4) at T0, 
z = -2.14; p = .033; r = -.24, this significant difference disappeared after 3 months of BEV usage, 
z = -0.22; p = .823; r = -.02 (Figure 2).  
 
Figure 2. Sum of reported eco-driving strategies for ICEV (T0) and BEV (T0 & T1; Medians, error 
bars represent IQR) 
                                                          
2 Sailing is described as a state of the vehicle, in which deceleration is only caused by driving resistances [33]. In ICEVs this state is 
derived through pressing the clutch or driving in neutral, known as ’letting the car roll’. With regard to BEVs, sailing is the result of 
holding the gas pedal on a certain point while neither decelerating nor accelerating the BEV. Hence, both concepts are regarded to 
be more or less equivalent and therefore compared. 
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Table 1. Comparison of reported strategies for ICEV eco-driving at T0 and BEV eco-driving at T0 and T1.  
Eco-driving strategy Percentage of participants  BEVT0 vs. BEVT1 ICEVT0 vs. BEVT0 ICEVT0 vs. BEVT1 
BEVT0 BEVT1 ICEVT0 p  effect size
b
 p  effect size
b
 p  effect size
b
 





















Use regenerative braking/ avoid braking 62.5 72.5 22.5 .454
a
 .10 .005 -.40 .004
a
 -.50 














Drive in a way that the instantaneous power 
meter indicates low energy consumption 














Choose the most energy-efficient route to 
destination 


























Note. N = 40; Categories were included if greater than or equal to 5% of the participants reported it at any time of data collection and if strategies could be applied for 
BEV and ICEV; 
a
 exact McNemar test was calculated; 
b 
effect size calculation according to Green and Salkind [34]. 
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5.2 Driving behaviour and effectiveness of eco-driving strategies 
As far as feasible, the stated eco-driving strategies were assigned to objective indicators of driving 
behaviour recorded by the data loggers. Table 2 provides an overview about the strategies and 
assigned indicators, which are analysed in the following sections. 
 
Table 2. Stated eco-driving strategies and assigned indicators of driving behaviour. 
Eco-driving strategy (interview) Indicator of driving behaviour (data logger) 
Avoid high speeds Mean speed (km/h) 
Accelerate moderately Mean acceleration (m/s²); 
SD acceleration 
Use regenerative braking/ avoid 
braking 
Mean power of regenerative braking (kW) 
Avoid auxiliary functions Usage of auxiliary features (yes/ no) 
 
5.2.1 Speed 
The analysis of the logger data showed a significant speed reduction for eco-driving in comparison 
to normal driving, t(36) = 2.08, p = .044, with a medium effect size, d = 0.34 (Figure 3). 
Nevertheless, the partial correlation with energy consumption revealed only small and non-
significant correlations (Table 3) implying less efficiency of this strategy at least on urban routes.  
 
Figure 3. Comparison of mean speed for normal and eco-driving. 
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Table 3. Partial correlations of energy consumption and driving parameters for normal and eco-
driving. 
  
1 2 3 4 5 
 
1. Consumption without 































4. SD acceleration (m/s²) 
normal 
eco 
   -  
-.32 ns 
-.52** 




    - 
Note. ns =  not significant (p ≥ .05), *p < .05, ** p < .01, *** p < .001. 
 
5.2.2 Acceleration 
Drivers accelerated significantly less when instructed to drive energy efficiently in comparison to 
normal driving, t(36) = 8.22, p < .001, d = 1.35 (Figure 4). Positive and strong partial correlations 
for both test conditions reveal a high effectiveness of reduced positive acceleration in terms of 
eco-driving (Table 3). Drivers reduced the variance of positive acceleration in the energy-efficient 
test condition, t(36) = 9.68, p < .001, d = 1.59. The effectiveness of this strategy is underlined by 
strongly positive partial correlations between the standard deviation of positive acceleration and 
energy consumption (Table 3). 
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Figure 4. Mean positive acceleration for normal and eco-driving.  
 
Figure 5. Standard deviation of positive acceleration for normal and eco-driving. 
 
5.2.3 Regenerative braking 
The analysis of the averaged recaptured energy showed significantly less energy recapture for the 
eco-driving compared to the normal driving condition, t(36) = -5.64; p < .001; d = 0.93 (Figure 6). 
Besides, the regenerative power correlates strongly negative with energy consumption (Table 3) 
meaning an increased consumption with higher regenerated power. Although this might seem 
paradoxical at the first sight, this effect is explained when looking at the medium to strong 
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negative correlations of regenerative power and acceleration (Table 3). There is no energy 
recapture without acceleration and thus energy consumption. In order to recapture energy 
through regenerative braking, the driver has to accelerate (i.e., consume energy) beforehand. 
Hence, the optimum driving pattern in terms of eco-driving appears to be a moderate and 
constant usage of the accelerator pedal, as also mentioned elsewhere [13], trying to regain only 
as much energy as necessary during deceleration manoeuvres and to accelerate smoothly.  
 
Figure 6. Mean regenerated power (z-standardised) for normal and eco-driving. 
 
5.2.4 Usage of auxiliary features 
As usage of auxiliary features was not standardised during the driving test, all participants were 
free to use the heater and air conditioning as they wanted. The analysis of the logger data 
revealed that the majority of participants (about 65%) did not use any auxiliary feature 
throughout both test conditions. In turn, about 35% of the subjects had the opportunity to switch 
off these features. Results reveal that only about 31% of those participants who had auxiliary 
features activated during normal driving actively switched off auxiliary features before or while 
the eco-driving round, approximately 69% of them did not. Strongly positive and significant 
correlations between power of auxiliary features and energy consumption (including auxiliary 
features) imply a high effectiveness of the strategy to avoid auxiliary features in order to reduce 
energy consumption (reco = .56, p < .001; rnormal = .53, p < .001). 
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5.3 Eco-driving performance 
In order to analyse whether drivers were able to save energy when instructed to apply eco-driving 
strategies, a repeated-measures ANCOVA was calculated with difference of mean battery 
temperature as covariate and instruction (normal vs. eco) as within factor. The results reveal a 
significantly reduced energy consumption for eco-driving in comparison to normal driving, 
F(1,35) = 37.66; p < .001; η2p = 0.52 (Figure 7). 
 
Figure 7. Mean energy consumption (without auxiliary features; z-standardised) for normal and 
eco-driving. 
6. Discussion 
Two of the main objectives of the present research were to (1) examine participants’ knowledge 
regarding energy-efficient driving strategies for BEVs in comparison to ICEVs, and to (2) evaluate 
whether any experience effects occur regarding BEV eco-driving strategies. The comparison of 
stated eco-driving strategies for the two drive trains made obvious that drivers understand that 
some important and often mentioned strategies for ICEVs are not applicable or do not make 
sense in BEV driving. For instance, the strategy to shift up as soon as possible, a well-known and 
educated rule for eco-driving (e.g., [7]), cannot be applied to BEV driving. As a consequence, 
people have to adapt to some extent to BEVs and cannot just apply what they know from ICEV 
eco-driving. That there is somehow an adaptation process, or at least gained knowledge regarding 
eco-driving strategies is supported by the result that the number of reported strategies differed 
significantly between ICEV and BEV at T0, but were about equal after 3 months of BEV experience. 
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That means, after experiencing the BEV for several months, drivers knew significantly more BEV 
eco-driving strategies than before BEV usage and about as many strategies as for an ICEV. 
Although the stated BEV eco-driving strategies did not substantially differ in their content before 
and after 3 months of BEV usage, some strategies are mentioned by a higher proportion of 
drivers. Specifically, the avoidance of auxiliary functions, such as air conditioning or radio, and a 
moderate acceleration style were reported more often after a longer period of BEV-use. These 
strategies proofed to be effective in terms of energy saving in this study and have also been found 
in previous research based on driving data [4]. This in turn implies that drivers develop a deeper 
understanding of BEV energy consumption and learn which factors have a high impact on the 
energy efficiency of a BEV. This expertise is, at least in part, based on experiencing driving the car 
for a longer period of time.  
Further research questions were addressed within a driving test implemented after 3 
months of BEV driving. On the one hand, it was investigated whether (3) drivers applied the 
stated strategies in their driving behaviour when instructed to drive energy efficiently with the 
BEV and (4) whether these strategies are effective in terms of saving energy. On the other hand, 
(5) the overall performance of eco-driving was addressed in terms of energy consumption during 
the driving test. The analysis of logger data revealed a significant reduction of energy 
consumption for the eco-drive condition compared to normal driving. That means drivers were 
able to actively reduce energy consumption of the BEV after several months of BEV usage which 
might be the result of a successful adaptation process. These results are in line with current 
research which implies that energy consumption is influenced by specific driver behaviour [4]. 
Investigating whether drivers applied the stated eco-driving strategies (for those strategies that 
were collected via data loggers), results of the driving test revealed that drivers significantly 
reduced speed, accelerated more smoothly and regained less power through regenerative braking 
during eco-driving in comparison to normal driving. Only one third of those participants who had 
the chance to switch off auxiliary features did so for the eco-driving run. However, as the usage of 
these features was not standardised throughout the driving test, the logged data are a rather 
weak behavioural indicator. In this regard more controlled research is needed examining the 
driver’s behaviour given a standardised preset of auxiliary features. The drivers’ behavioural 
strategies, except speed reduction, were shown to be effective in terms of eco-driving as they all 
strongly correlate with energy consumption. The implied minor effectiveness of speed reduction 
must be interpreted in the light of the limited speed profile of the urban test route ranging 
between 0 and 50 km/h. It could be assumed that reductions from higher speeds would result in 
higher correlations with energy consumption of the BEV. With regard to regenerative braking 
(implemented on the gas pedal of the BEV), results revealed that a moderate usage of 
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regenerative braking seems to be more effective in terms of energy consumption for the whole 
trip. With a smooth usage of the accelerator pedal, and thus evenly driving behaviour, the driver 
contributes best to an energy-efficient driving style.  
One might raise the question why users do not already drive energy efficiently during normal 
driving (i.e., in the first round). One possible explanation is that driving behaviour is regulated by 
different driver motives and goals (e.g., [35]). Related to this assumption Franke et al. [2] 
introduced the construct of competent and performant range in the context of BEV driving. The 
authors [2] define competent range as expression of the individual eco-driving ability, which is for 
instance applied in situations when low on charge. Performant range (i.e., range achieved in 
normal everyday driving) is “usually obtained by each user based on his eco-driving-related 
motivational strengths and habits” (p.370).  Hence, the gap between normal and eco-driving 
might be explained by each driver’s motivation to drive energy efficiently (i.e., the gap between 
performant and competent range).  
Further, it would be interesting to investigate whether drivers adapt to BEV driving by 
applying a generally more energy-efficient driving style when compared to ICEV driving. There is 
some evidence from BEV research pointing in this direction. For instance, the process of adapting 
to regenerative braking was found to be characterised through a more extensive usage of this 
system over time [8]. Helmbrecht et al. [13] found smoother accelerating and decelerating in BEV 
driving compared to ICEV driving, which in turn is assumed to contribute to energy efficiency. 
However, specific questions regarding the adaptation process still remain open, like for instance: 
a) Is there an adaptation towards a ‘BEV-specific’ driving style? b) If so, how can such a process be 
characterised? c) How do eco-driving strategies develop with BEV experience? For that reason, it 
would be valuable to apply an additional driving test already at BEV handover (T0) in order to 
investigate the adaptation process in-depth by comparing the driving behaviour before and after 
BEV experience. The implementation of a control group consisting of a matched sample of 
inexperienced drivers after BEV experience (T1) might be a reasonable alternative that controls 
for external and temporal influences (e.g., outside temperature, specifics of the route).  
As participants of the study could be assumed to be a sample of early adopters, which are 
highly educated, have extensive driving experience and are highly motivated to interact with the 
limited range, especially in terms of eco-driving, the reported eco-driving performance might 
represent an upper level of achievable energy efficiency. The investigation of eco-driving ability 
and expertise for different driver groups could be subject of further research. 
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7. Conclusions 
This contribution combines subjective and objective data regarding BEV eco-driving and sheds 
light on the learning process novice BEV drivers undergo regarding knowledge of eco-driving 
strategies. Further, it examines the strategies applied by BEV experienced users in order to drive 
energy efficiently. Although not all route profiles are examined regarding energy-efficient driving 
behaviour, the most important use case - BEV driving on urban roads [13, 29] - is investigated 
here. Results reveal that drivers have to adjust the eco-driving strategies they know from ICEVs to 
BEVs and gain deeper knowledge regarding energy-efficient BEV driving behaviour. Furthermore, 
BEV users are able to apply reported eco-driving strategies and thus reduce the energy 
consumption of the BEV if necessary. As energy-efficient driving behaviour and knowledge are 
potential factors to prolong range and thus might also reduce range anxiety, they are significant 
factors in everyday and more efficient BEV usage. In this regard, it could be helpful to incorporate 
additional information into the interface of the BEV in order to support the driver in the 
adaptation process and in understanding energy consumption, and thereby range prolonging 
factors, on the first BEV drive. This conclusion is also supported by findings that even experienced 
drivers require additional feedback regarding energy consumption and consider additional 
information or assistance for eco-driving as useful [36].  
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Range of electric vehicles (EVs) has long been considered a major barrier in 
acceptance of electric mobility. We examined the nature of how range is 
experienced in an EV and whether variables from other adaptation contexts, 
notably stress, have explanatory power for inter-individual differences in what we 
term comfortable range. Forty EVs were leased to a sample of users for a 6-month 
field study. Qualitative and quantitative analyses of range experiences were 
performed, including regression analyses to examine the role of stress-buffering 
personality traits and coping skills in comfortable range. Users appraised range as a 
resource to which they could successfully adapt and that satisfied most of their 
daily mobility needs. However, indicators were found that suggested suboptimal 
range utilization. Stress-buffering personality traits (control beliefs, ambiguity 
tolerance) and coping skills (subjective range competence, daily range practice) 
were found to play a substantial role in comfortable range. Hence, it may be 
possible to overcome perceived range barriers with the assistance of psychological 
interventions such as information, training and interface design. Providing drivers 
with a reliable usable range may be more important than enhancing maximal range 
in an electric mobility system. 
Keywords: range, electric vehicles, field study, traffic and transport psychology, 
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1 Introduction 
How far does it go? Most often, this is one of the first questions that come into people’s minds 
when hearing of a new electric vehicle. For most novices in the field, the perception of limited 
mobility resources is a barrier to purchase intentions (e.g., Bunch, Bradley, Golob, Kitamura, & 
Occhiuzzo, 1993; Thomas, 2010). Also, from an expert point of view, EV batteries, which 
essentially represent range, are often evaluated as most problematic for the success of electric 
mobility systems (e.g., Kitamura & Hagiwara, 2010). However, relying on existing range data 
drawn from travel surveys (Duke, Andrews, & Anderson, 2009; Greene, 1985) and feedback from 
expert EV users (Gärling, 2001; Krems, Franke, Neumann, & Cocron, 2010) EVs should easily be 
able to meet most travel needs. Hence, is the experience of range as barrier mainly a 
psychological issue? 
Although EV field trials have a long-standing tradition (e.g., Bish & Tietmeyer, 1983; Patil, 
1990), there is very little published research about the nature of how real users experience EV 
range and how they subsequently deal with it. Many field trials have focused on assessing 
technical variables (Francfort, et al., 1998; Goldstein, Koretz, & Harats, 1996), and few have 
examined overt user behavior or general user satisfaction with EVs (Eden, 1997; Francfort & 
Carroll, 2001). Psychological processes underlying user experience have thus far only been 
covered by studies with inexperienced potential users (Chéron & Zins, 1997; Kurani, Turrentine, & 
Sperling, 1996). In such novices, personal safety buffers have been studied as relevant variables 
for an anticipated interaction with range, and have been shown to increase perceived range 
needs (Kurani, Turrentine, & Sperling, 1994). Moreover, there is some evidence that EV users tend 
to underutilize given range resources (Botsford & Szczepanek, 2009; Golob & Gould, 1998). The 
phenomenon of range anxiety, which has been heavily discussed in the literature and public 
media (e.g., Rahim, 2010; Tate, Harpster, & Savagian, 2009), might contribute to this effect but 
only anecdotal evidence has been reported on this topic, for example, by research with EV1 users 
(Tate, et al., 2009). In sum, scientific knowledge of range experience in real users is scarce.  
The objective of the present research was to achieve a better understanding of range 
experience in experienced EV drivers. This was done by applying a field trial approach with 40 EVs 
leased to customers from the general public, for a 6-month period. On the basis of the existing 
literature we formulated the concept of comfortable range and related it to theories of stress and 
self-regulation. To meet the research objective we examined (1) the prominent conceptual 
dimensions of range experience, (2) quantitative indicators of range experience in terms of range 
satisfaction and concerns, as well as comfortable range, and (3) the role of stress-buffering 
personality traits and coping skills in comfortable range. The practical aim of this research is to 
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provide alternative ways of dealing with the generally perceived barrier imposed by the 
experience of range, aside from exclusively improving battery performance. With knowledge of 
how users experience and interact with range, user training and design of the human machine 
interface (HMI) could be improved. 
1.1 Psychological Range Levels in an EV 
To characterize the nature of range experience and range utilization, reports have focused on 
concepts such as anxiety or fear (e.g., Botsford & Szczepanek, 2009). However, further factors 
might play a role. Psychological theory suggests that physically identical situations may constitute 
a fundamentally different psychological situation for different individuals (Bowers, 1973; Lazarus 
& Folkman, 1984). In the domain of range, we propose four levels that influence the transition 
from the objective physical situation to the subjective psychological situation. First, cycle range is 
measured according to a standardized driving schedule (e.g., Urban Dynamometer Driving 
Schedule, Kruse & Huls, 1973). It acts as an objective point of reference for the three following 
psychological range levels that are characterized by different basic psychological correlates. 
Second, competent range is analogous to the concept of linguistic competence (Chomsky, 1965). 
This is the range that each individual user could obtain based on his eco-driving competence and 
system knowledge. In EVs, energy consumption is influenced, in particular, by use characteristics 
(Romm & Frank, 2006) with differing and possibly more complex dynamics than those in internal 
combustion engine (ICE) vehicles. Operators have been found to experience difficulties in such 
complex problem solving or control task situations (Frensch & Funke, 1995). Thus it is likely that 
there will be a gap between the competent range of individual users and the cycle range of the 
EV. Third, performant range is analogous to the concept of linguistic performance (Chomsky, 
1965), usually obtained by each user based on his eco-driving-related motivational strengths and 
habits. Driving behavior is influenced by various motives (Gregersen & Berg, 1994; Steg, 2005) 
with range optimization being only one among others and hence, performant range will likely be 
lower than competent range.  
Most important for range experience, comfortable range refers to the range that users 
really utilize. This can be defined as the highest trip distance between two charging opportunities 
or the lowest remaining range status, which a user experiences as comfortable. This definition 
attempts to merge absolute value range buffer decision variables (Kurani, et al., 1994) with the 
broadly defined concept of range anxiety in terms of a “fear of becoming stranded” (Tate, et al., 
2009, p. 158). Comfortable range may reflect the result of an adaptation process that involves 
anchors and heuristics from internal combustion engine (ICE) powered mobility systems, and 
ultimately result in an equation involving individually perceived levels of performant and 
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competent range. Furthermore, personal dispositions for coping with uncertainty or risk may be 
included in this equation. In summary, comfortable range reflects the perceived balance between 
mobility needs (e.g., journey distance, route profile, trip purpose) and mobility resources (e.g., 
remaining range, individual coping skills) for a certain journey. The great number of influencing 
factors implies a high potential variation in comfortable range. A better understanding of these 
dynamics could help to develop measures against perceived EV range barriers. 
1.2 A Conceptual Framework for Understanding Comfortable Range 
As described above, having a low remaining range for a certain journey can be conceived as 
having low mobility resources to reach personal goals or to meet external demands set by the 
environment (mobility needs). Imagine an EV user whose goal is to have a comfortable and timely 
commute to work, when a traffic jam requires the driver to take a longer route and energy 
resources are already partially depleted. Here, the notion of a critical person–environment 
imbalance bears similarities with common definitions of stress (Lazarus & Folkman, 1984). Among 
the most influential concepts of stress, the transaction model (Lazarus & Folkman, 1984) states 
that stress is the result of a perceived imbalance between the demands existing within a person’s 
environment and available resources that the person possesses. In a continuous circular appraisal 
process relevant demands from the environment are evaluated as either challenge versus threat 
versus harm/loss, and further appraised in terms of subjective capabilities to cope with stress-
inducing factors.  
As in the previous discussion of comfortable range, this model points to the inherently 
subjective nature of the perceived stressfulness of a given situation. It implies that reducing 
stressors (e.g., simply increasing range) is only one way to cope with the stressful situation. 
Another solution lies in influencing an individual’s appraisal process, which in turn can lead to 
higher stress resistance. Personality characteristics, effective coping strategies, and social support 
can lead to a lower level of experienced stress (Holahan & Moos, 1990). Hence, personal 
resources are vital for stress resistance. A wide range of stress-buffering personality traits have 
been discussed (Connor-Smith & Flachsbart, 2007; Contrada & Baum, 2009). Internal control 
beliefs have been evaluated as a central variable. It has been addressed extensively in the original 
work of Lazarus & Folkman (1984), and also in the driving domain (Gulian, Matthews, Glendon, 
Davies, & Bedney, 1989; Holland, Geraghty, & Shah, 2010). Tolerance of ambiguity is another 
variable that has been linked to stress resistance in the original work of Lazarus & Folkman (1984) 
and also in more recent contributions (Frone, 1990; Furnham & Ribchester, 1995; Greco & Roger, 
2003). Because of the complex dynamics of range, which result in particularly ambiguous 
situations for users, this personality trait variable may play an especially relevant role in range 
ARTIKEL 3 | 115 
 
stress. Regarding the second set of protective factors, effective coping strategies, highly 
developed knowledge and skills to deal with certain situations and high levels of practice with 
certain technical systems can lead to a reduction in experienced stress (Holland, et al., 2010; 
Lazarus & Folkman, 1984). 
Yet, do EV users really experience range stress? There is some indication that comfortable 
range is strongly influenced by anticipation of stressful situations, but that the experience of 
range stress or range worries is uncommon in EV drivers. One reason for this could be that users 
have ways to reduce stressors, including available ICE vehicles or other means of transportation at 
hand that could facilitate avoiding stressful remaining-range situations. Thus, the avoidance of 
stress might characterize range experience more than the experience of stress itself. However, 
the theoretical framework of stress also has explanatory power for more general forms of 
adaptation processes. The transactional stress model, as with many other stress-related theories, 
has a general control system conception as its structural basis (Leventhal, Halm, Horowitz, 
Leventhal, & Ozakinci, 2004). This cybernetic approach (Miller, Galanter, & Pribram, 1960) can be 
fruitfully applied to many areas of adaption and self-regulation (Carver & Scheier, 1998). 
Following this notion and integrating the above-mentioned references, a general action–control 
approach may be formulated. In this approach, strong weight is placed on the subjective and 
affective components of control processes and includes assumptions concerning various personal 
factors to create a viable foundation for a conceptual framework of comfortable range (Figure 1). 
While the conceptual framework of comfortable range excludes certain elements of Lazarus’ 
model, it preserves both structure and moderating assumptions, which are also central to many 
other self-regulation approaches. In the present research, the influence of the reference signal on 
the comparator is a central component (Figure 1).  
To sum it up, we have pointed out that range experience in experienced EV drivers is an 
important topic but is poorly understood. Giving that range experience has not yet been 
systematically assessed, it would seem that a qualitative approach is indicated as a basis from 
which to begin. Hence, our first research question is: What are the prominent conceptual 
dimensions of range experience in experienced users? Relevant candidate variables of range 
experience could be identified from previous research, but have only rarely been assessed 
comprehensively in experienced drivers. Thus, our second research question is: How do 
experienced users experience range in terms of satisfaction, range concerns and comfortable 
range? Finally we have tried to work out a possible connection between models of stress or self-
regulation and comfortable range, which lead to the assumption of a relation between stress-
buffering personal resources and comfortable range. In view of this potential connection, our 
third research question is: What is the role of stress-buffering personality traits and coping skills in 
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comfortable range? We hypothesize that stress-buffering personality traits, namely high internal 
control beliefs, and high ambiguity tolerance are positively associated with comfortable range. 
Moreover we assume that high subjective coping skills, namely subjective range competence and 
daily range practice, reduce range stress and thus increase comfortable range.  
 
 
FIGURE 1. Conceptual framework for comfortable range. At the micro-level of range adaptation, 
mobility resources, such as remaining range and recharging opportunities ahead are plotted 
against mobility needs to produce a perceptual signal. This signal is then compared to reference 
signal variables (e.g., experience with similar situations and general control beliefs) to yield an 
individual comfortable range (range appraisal) for the current situation. Adaptation strategies are 
then chosen (e.g., eco-driving) and translated into behavior that again changes the range 
situation. Substantial environment-based distortion, e.g., influences on consumption, adds noise 
to this action regulation loop. 
2 Method 
2.1 Field Study Setup 
The present research was part of a large-scale EV field trial in Berlin metropolitan area in 
Germany. This trial was set up by BMW Group and Vattenfall Europe and funded by the German 
Federal Ministry for the Environment, Nature Conservation and Nuclear Safety. Within this trial 
there were two subsequent 6-month user studies with 40 private EV users in each study. The 
present contribution incorporates data from the 40 users within the first phase. For each user, 
data were assessed at three time points: prior to receiving the EV (T0), after 3 months of driving 
(T1), and upon returning the EV after 6 months (T2). For each time point, users filled out a travel 
diary (all trips occurring within a 1-week period) in advance and then had a 2h to 3h face-to-face 
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where they answered several structured interview questions and filled out questionnaires. These 
instruments covered several topics, such as mobility, acceptance, charging, range issues, and 
personal variables with the aim of gaining a comprehensive picture of the customer perspective 
on EVs in terms of expectations, preferences, experiences, and user behavior. All range 
experience and coping-skill variables were assessed for experienced drivers (T1, T2), including 
instructions to refer answers to certain time periods of the study if necessary as T2 was 
administered following colder weather conditions than T1, and these conditions influenced the 
range of the EV. Further details on the field trial methodology have been reported elsewhere 
(Cocron, et al., in press; Franke, Bühler, Cocron, Neumann, & Krems, 2011; Krems et al., 2010)  
2.2 Participants  
Participants were recruited via an online screening application that was publicized via 
advertisements in newsprint and online media. Forty participants for the first usage phase were 
selected from more than 700 applicants. Conditions of participation included, for example, 
willingness to pay a monthly lease, and opportunity to install a private charging infrastructure. 
Further distribution criteria aimed to prevent restriction of variance on basic sociodemographic 
(age, gender, education) and mobility-related (mileage, vehicle fleet) variables. From each 
household only the (prospective) main-user of the EV was included in data collection. As 
restrictions for inclusion in the sample were similar to those for leasing an EV (e.g., users paid a 
monthly leasing-rate, needed charging opportunity), we expected the sample to represent a 
population of early EV buyers in German urban areas. The mean age of the 40 selected users was 
48 years (SD = 8.92), 33 of which were male, 78 % had a university degree, and 25 % had 
completed a doctoral degree. The majority (78 %) of user households consisted of two people 
> 18 years of age (43 % had children). In 58 % of households, more than one car existed prior to 
the field trial (M = 1.88 cars) whereas only two households had no car. Two users did not 
complete the study. 
2.3 Electric Mobility System 
The EV used in this study was a converted MINI Cooper with a cycle range of 250 km. Range 
information in this vehicle is provided by a state-of-charge display and a remaining range (km) 
display, which calculates remaining range based on state of charge and energy consumption over 
the last 30 km. The electric mobility system used herein is further characterized by a regional 
focus on the urban area of Berlin, including a network of 50 public charging stations in addition to 
the private charging stations of each user (full charge duration = 4 hr). Although most trips that 
took place occurred in the metropolitan area of Berlin and its direct periphery, some individual 
users travelled more than 200 km out of the city. 
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2.4 Measures of General Range Experience 
To examine qualitative dimensions of range experience, the T1 interview asked users “How have 
you experienced the range of the EV?” Users’ verbally reported answers were recorded and 
transcribed verbatim for coding in the qualitative data analysis software package MAXQDA. 
Analysis techniques motivated by grounded theory methodology in the tradition of (Strauss & 
Corbin, 1990) were used to gain a deeper understanding of the phenomena surrounding range 
experience. Open coding of text passages was done line-by-line with conceptual codes. Memos 
were written at several steps of the coding process and codes were iteratively refined and 
condensed within axial and selective coding to arrive at an acceptable level of abstraction. 
Accordingly, a condensed structure of the conceptual dimensions and their relations within users’ 
expressions emerged. 
To asses range satisfaction, the questionnaire item “The range was sufficient for everyday 
use,” was administered at T1. Users indicated their agreement on a 6-point Likert scale ranging 
from 1 (completely disagree) to 6 (completely agree). Throughout the study, this was the standard 
scale for all self-constructed agreement ratings. Users also indicated the percentage of trips that 
could have been made with the EV if limitations of passenger and cargo space (EV was a two-
seater with very small trunk) were remediated. This hypothetically eliminated the second big 
barrier to usage – in comparison to ICE vehicles – which will also be removed in most next-
generation EVs. 
To determine whether users experienced worries or concerns similar to reported range 
anxiety in electric mobility systems, two items were administered at T1: “While driving, I was 
often worried about the range” and “I am more worried about the range in an EV than in a 
conventional combustion engine vehicle.” In addition, two items were included at T2 to give an 
indication of frequency with which users experienced stressful range situations over the whole 
trial. Specifically, users were asked to report how often per month they experienced “being 
nervous” and “feeling stressed” due to range. 
2.5 Measures of Range Appraisal and Comfortable Range 
Range game. The aim of the range game was to precisely assess the individual comfort zone in a 
standardized, yet ecological valid way. The naming of the range game reflects the assumed 
similarity between uncertainty factors in range and uncertainty in gambles in decision-making 
research (Hastie & Dawes, 2009). In order to detect a certain threshold, certain aspects of 
psychophysical methodology (Gescheider, 1997) were adopted. As instruction, participants were 
shown a map of Berlin, which was marked with a 60-km route through the city. They were told 
that there were no charging possibilities along this route. Afterwards, they received 10 four-item 
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questionnaire cards in random order, including the same four items but differing information 
about remaining range at the beginning of the route (from 45 to 90 km). There were two 
negatively formulated statements (“I am concerned about reaching the destination” and “I wish I 
had another car to make this trip”) and two positively formulated statements (“I am sure I will 
reach the destination with my EV” and “On this trip, I will not be worried about range”). The 
remaining range on each card referred to the EV range display, which based its estimation on 
current battery status and energy consumption over the last 30 km. This aspect induced an 
ecologically valid level of range uncertainty. Data was checked for extreme outliers as a few 
participants had problems with double negation in the last item above. For two persons a single 
value was excluded because it was an extreme outlier in relation to the other three item values of 
these users. For scoring, the highest remaining distance where users no longer felt perfectly 
comfortable with the range (i.e., scale value changing from 6 to 5), was selected for each of the 
four items. These four scores yielded a Cronbach’s alpha of .95. A composite mean score was 
computed from all four item scores. This final score was defined as the operationalization of a 
user’s individual range comfort zone for the corresponding standard situation provided in the 
game. The range game was administered at T1. 
Range threat appraisal. The primary appraisal secondary appraisal (PASA) questionnaire 
assesses facets of stress appraisal in concrete situations with reference to Lazarus’ transactional 
model (Lazarus & Folkman, 1984). It can be adapted to many stress-inducing situations without 
changing item wording. It has been used for measuring effects of stress management training 
(Hammerfald, et al., 2006) and for the evaluation of exposure therapy (Gaab, Jucker, Staub, & 
Ehlert, 2005). At T2, users in the present study were instructed to imagine a situation where 
displayed remaining range of the EV and remaining trip distance were equal. Participants 
indicated their response to items such as “I do not feel threatened by the situation” on a 6-point 
Likert scale. The four-item threat-appraisal scale (Cronbach’s alpha = .81) was selected for the 
present analyses as it best represents what should be eliminated to improve range experience 
(e.g., a high challenge appraisal is far less critical) and also because of its economy in comparison 
to the alternative 16-item stress-index score with which it was also strongly correlated (r = .86).  
Maximum comfortable trip distance.To directly assess range resources that users were 
comfortable with utilizing they were requested to indicate a numerical value in km for the 
questionnaire item: “From which total distance between two recharging opportunities, for fully 
charging the EV (e.g., wallbox to wallbox) did you, or would you, no longer use the EV if there was 
no time/opportunity for an intermediate charge?” There was one extreme outlier (30 km) in this 
variable that was also an extreme outlier in relation to other comfortable range variables of this 
user, and was therefore excluded from the analyses. The item was administered at T2. 
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Range safety buffer. The safety buffer item assessed the minimum remaining range that 
users were comfortable with when using the EV. A numerical value in km had to be indicated for a 
response to the item: “Which range buffer do you set yourself, below which you would not be 
willing to drive the EV anymore (except in exceptional circumstances)?” The item was 
administered at T2.  
2.6 Measures for Stress-buffering Personality Traits 
Control beliefs. Control beliefs were assessed with the KUT (control beliefs in dealing with 
technology, Beier, 1999) containing items such as “Technical devices are often inscrutable and 
hard to handle.” The scale is conceptualized within social learning theory (Rotter, 1966) and is 
based on the IPC by Levenson (1972). The scale has been used in different fields of technology 
(Beier, Spiekermann, & Rothensee, 2006) The short form of this scale with eight items (6-point 
Likert scale) and original instructions, was applied (Cronbach’s alpha = .90, M = 5.00, SD = 0.74).  
Ambiguity tolerance. The eight-item ambiguity tolerance scale of Dalbert (1999) was 
used. This scale builds on the work of Frenkel-Brunswik (1949) and has been used, for example, in 
pedagogic contexts (König & Dalbert, 2004). Users answered items such as “I only deal with 
solvable tasks” on a 6-point Likert scale. Cronbach’s alpha was .80 (M = 3.66, SD = 0.79). 
2.7 Measures for Stress-buffering Coping Skills 
Subjective range competence. The subjective individual skills for coping with (remaining) range of 
an EV were measured by four items: “I know the energy consumption of my EV,” “I know how far I 
can go on a full charge,” “I can precisely estimate the influence of different factors on range,” 
“The range of my EV is mostly affected by factors that I have no influence on.” It was assumed 
that successful coping with range of the EV included feeling confident in predicting remaining 
range as well as feeling in control of a number of influential factors. The items were administered 
at both T1 and T2 to gain a picture of range competence under different conditions. The mean 
score of the four items (last item reversed) yielded Cronbach’s alpha values of .75 (T1) and .61 
(T2). Similar scale values were obtained for both time points (T1: M = 4.31, SD = 0.74; T2: 
M = 4.16, SD = 0.66) resulting in a strong correlation (r = .63). Hence, for the analyses a mean 
score was computed that included both scale values (T1 and T2). 
Daily range practice. The objective measure for range skill, as evidenced by daily practice, 
stems from data obtained in the travel diary where users recorded every trip made with every 
means of transportation, over a 1-week period. The instrument was constructed in accordance 
with nation-wide travel surveys (Kunert & Follmer, 2005). The diary was a person-based record of 
all main-user EV trips. Only the data of the T1 travel diary was used because there were too much 
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missing values at T2. Daily range practice was assumed to incorporate two interrelated aspects: 
Frequency of range considerations before a trip (trip planning, range and distance estimation) and 
exposure to dealing with range on a trip (experiencing range dynamics, having the chance to 
improve eco-driving skills). As indicators for these two aspects the mean daily number of trips (M 
= 2.91, SD = 1.24) and the mean daily distance driven with the EV (M = 34.84 km, SD = 21.72) were 
computed for each user. Only the data of the five weekdays was used as several users reported 
that weekend trips were atypical and users also had several missing values for weekend days. The 
two sub-indicators for range practice were strongly correlated (r = .61). A mean score was 
computed from the two z-standardized variables. 
3 Results and Discussion 
The main objective of the present research was to achieve a better understanding of individual 
range experience in experienced EV drivers. In the following, we present the results on the 
qualitative analysis of the prominent dimensions of range experience, quantitative indicators of 
range experience, and multiple regression analyses for assessing the role of stress-buffering 
personality traits and coping skills in comfortable range. 
3.1 Range Experience Qualities in an EV 
For the interview question “How have you experienced the range of the EV?” answers of 36 users 
could be analyzed that provided sufficient information for coding. Four overarching dimensions of 
range experience emerged from the analysis: (1) rational evaluation of range resource sufficiency 
(as the core dimension), (2) emotional reaction to experienced range, (3) adaptation processes 
and strategies with the sub-categories heuristics, safety strategies, approach versus avoidance, 
and finally, (4) uncertainty regarding range dynamics. 
The core quality that emerged from this analysis is that range was experienced as a major 
resource used for interacting with an electric mobility system. That is, users evaluated range 
centrally in terms of its level of sufficiency. Most users (29 of 36) stated that range was sufficient. 
Only few users (7 of 36) were not satisfied with the range. Examining user statements more 
closely, it was found that most users (28 of 36) spontaneously elaborated on trips that could and 
could not be made with a given range, which may in turn be generalized as mobility needs that 
one could or could not fulfill with the range resources provided by the EV. Fit of the EV to normal 
mobility needs was typically mentioned early in users’ transcripts.  
Regarding the emotional dimension of range experience, users never mentioned range as 
a feature that made them feel especially positive about the EV. However, for a few users 
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dissatisfied with range, negative emotional states resulted, and the most prominent of these was 
annoyance (3 of 7 users). The absence of positive emotions could also be a Zeitgeist effect 
because today, the range of an ICE vehicle is a primary anchor from which users evaluate the 
range. This only leaves EV users the option of evaluating reduced range as either neutral or 
negative. For some users (11 of 36), framing on losses was further reinforced by the fact that they 
originally expected to match the cycle range of the EV more accurately, and failure to achieve this 
typically had a sobering effect. 
Experiencing range as a resource included additional perspectives. Users provided 
detailed explanations of the adaptation processes and strategies in the experience–acquisition 
period as well as those occurring on a daily basis while interacting with range. Within the reported 
rules learned and routines performed in dealing with the range, users often settled on certain 
heuristics (22 of 36) to manage the range resources, such as evaluating range in terms of sets of 
typical trips (e.g., twice to work and back and once shopping) that could be comfortably done 
with the EV. A general tendency brought forth by users was the adoption of safety strategies to 
avoid encountering trouble with an EV’s range (17 of 36). Users reported, for example, that they 
did not make certain trips although they knew that the required distances still lay within range 
limitations, or they frequently charged the car or topped-up the battery while on a trip to increase 
their reserve. Individual users experienced the need to apply such strategies differently. More 
users (19 of 36) were categorized to regard range as a challenge or problem-solving task to be 
solved, rather than a threatening encounter to be avoided (15 of 36; 2 users could not be assigned 
to either category). 
These adaptation processes and strategies may be related to uncertainty factors within 
the range experience that were a predominant experience feature as reported by users (10 of 36). 
The users conceived that range resources were dependent upon factors that both the EV and 
users themselves could not predict. This uncertainty about remaining range was a central aspect 
of the user experience that users only seldom resolved with an accurate mental model of the 
system.  
3.2 Quantitative Indicators of Range Experience 
Concerning range satisfaction 90 % of experienced users agreed (dichotomization of 6-point scale 
item) that the range offered by the EV was sufficient for everyday use while they also stated that 
they would be able to do most trips (M = 93 %, SD = 8.25) with the EV if the biggest usage barriers 
beyond range, limited passenger and cargo space (i.e., car was two-seater with very small trunk), 
were removed (both items at T1). Hence, range-related mobility resources were perceived as 
sufficient for most users.  
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An analysis of range concern indicators administered at T1 showed that a majority of 
users (82 %) agreed with the statement that they were more worried about range when driving 
an EV compared to a conventional ICE vehicle (M= 4.54, SD = 1.47), but only 12 % agreed that 
they often worried about range (M= 2.31, SD = 1.15) while driving. This result was also supported 
by two items administered at T2 that asked how often per month users experienced stressful 
range situations over the whole trial. Users reported a mean frequency of 1.09 (SD = 1.53) events 
per month where they encountered a range-related stressful situation. Dividing frequency ratings 
into four categories, 34 % of users never experienced such a situation, 18 % experienced it at least 
once but less than once a month, 24 % of the users indicated once a month, and 24 % felt stressed 
more than once a month due to range. Results for the second item, becoming nervous because of 
range, resulted in a mean frequency of 1.24 (SD = 2.13) events reported per month (four 
computed frequency categories: 32 %, never; 24 %, at least once but less than once a month; 
26 %, once a month; 18 %, more than once a month). Thus, although range worries increased in 
EVs compared to conventional ICE vehicles, phenomena similar to the previously reported range 
anxiety were not frequently reported among the drivers. This could be because users adapt to 
range (i.e., avoid stressful situations) or because users simply do not have the mobility needs that 
approach a critical level in terms of the mobility resources that an EV offers. 
Analysis of the four variables indicative of facets of comfortable range resulted in sizeable 
inter-individual variation within the sample of the 32 users that had no missing values in any of 
the variables later used in the regression analysis. Score values for maximum comfortable trip 
distances per charge were from 80 km to 165 km (M = 130.0 km, SD = 22.0, Q25 = 115, Q75 = 150). 
These results are indicative of suboptimal range utilization in terms of cycle range, as well as in 
relation to the given range of 168 km communicated by the EV manufacturer as realistic for 
everyday driving (i.e., performant range). Similarly, users stated that they reserved a safety buffer 
of M = 19.2 km displayed remaining range (SD = 15.3 km, Q25 = 10 km, Q75 = 25 km) below which 
they would not (except in exceptional circumstances) use the EV. In the range game, users’ range 
comfort zone (i.e., threshold where users no longer felt perfectly comfortable with range) was 
reached on average when remaining range displayed was 73.2 km facing the 60 km trip distance 
to the next charging opportunity (SD = 11.1, Q25 = 65.6, Q75 = 80.6). The range threat appraisal, 
referring to the situation in which remaining range and remaining trip distance were equal, 
resulted in an average scale value of 3.66 reported by users on the 6-point scale (SD = 1.29). Here, 
once again, variation in appraisal scores was substantial (min = 1.25, max = 5.75). Overall, our 
data show that users were neither willing nor comfortable to use the full range resources of the 
EV and preferred to plan trips with substantial range buffers with sizeable inter-individual 
variation in comfortable range. 
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Inspecting differences between variables, absolute comfortable range buffers assessed by 
the range game were smaller than those assessed by the maximum comfortable trip distance. A 
possible reason for this could be that the relatively low level of ambiguity and risk in the range 
game situation (e.g., conditions of the trip are clear) reduced range discomfort while the high 
ambiguity due to the long trip distance (e.g., higher potential range variation) in the maximum 
comfortable trip distance variable is related to larger buffer values. It could also be that users 
reserve a proportional range buffer, as they were willing to utilize around 80 % of range resources 
in both variables (i.e., driving 130 km with 168 km range and 60 km with 73 km range).  
To examine the relation of the four variables and to yield a composite score for 
comfortable range for the regression analyses, an exploratory factor analysis using the principal 
axis method was conducted. For this and all subsequent analyses the four variables were 
z-standardized and inverted to high numerical values indicating high comfortable range, as 
necessary. A single-factor solution resulted from this analysis, both according to Kaiser criterion 
(eigenvalue of first factor = 2.17, second factor = 0.88) and scree plot. All variables had acceptable 
factor loadings (range threat appraisal = .62, range game comfort zone = .70, maximum 
comfortable trip distance = .52, range safety buffer = .67). Assessing the internal consistency of 
the z-standardized values of the four variables, a Chronbach’s Alpha of .72 was obtained. For the 
composite comfortable range variable a factor score for each user was derived from the principal 
axis analysis (regression method). 
3.3 Personal Resources and Comfortable Range 
Three multiple linear regression analyses were conducted to examine the role of stress-buffering 
traits and coping skills in comfortable range: (1) personality trait model, that tests the role of 
control beliefs and ambiguity tolerance in comfortable range; (2) coping skill model, that 
examines the role of subjective range competence and daily range practice; and finally, 
(3) Composite model, that tests the contribution of stress-buffering personality traits versus 
coping skills in explaining comfortable range.  
As a prerequisite for the analyses we examined if the 13 assumptions for multiple 
regression analysis were met according to Stade, Meyer, Niestroj, and Nachtwei (2011). For all 
three analyses, assumptions were sufficiently met: Linear relationships between all predictors and 
the criterion could be assumed (p-values < .05 for linear model fit; F-value for linear greater than 
for quadratic model fit, for every predictor). There was sufficient variance within the predictor 
and the criterion, individual values of the criterion were independent, all variables were 
sufficiently reliable (see above), a univariate normal distribution could be confirmed (p-values for 
Kolmogorov-Smirnov tests all > .67) and multicolinearity was found to be very weak (all VIF < 1.2). 
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Autocorrelation within the residual was judged still acceptable (Durbin Watson test 1.07 to 1.56, 
1.38 to 1.64 when outliers were excluded), homoscedasticity of the residuals could be assumed 
(p-values for Levene tests > .44) and a normal distribution of residuals was indicated (p-values for 
Kolmogorov-Smirnov tests > .77). There were no influential cases (maximum Cook’s D < 0.26), but 
one extreme outlier case for all three analyses (z = |2.40| to |2.88|) and another outlier case for 
the coping-skills regression analysis (z = |2.25|) was obtained. In the following, results are given 
with (N = 32) and without (N = 30 to 31) these outliers. After excluding these outlier cases no new 
outlier cases emerged. This sample size was evaluated as just sufficient for testing two predictors 
in one analysis assuming strong effects (R2= .26) and desired statistical power of .8 (power 
calculation with G*Power, Faul, Erdfelder, Buchner, & Lang, 2009). 
Correlation coefficients for the variables in the regression analyses are depicted in Table 
1. Correlations within the two classes of predictor variables, trait versus skill variables, and 
between the two groups were weak to moderate except for the correlation between control 
beliefs and subjective range competence that yielded almost a strong effect size. All predictor 




Correlation Coefficients for Variables Included in the Regression Analyses 
  1 2 3 4 5 6 7 
1 Control beliefs –       




.49** .24 –     




.82** .82** .45* .02 –   
6 Coping skill composite .35* .13 .79** .79** .30 –  
7 Comfortable range .47** .39* .48** .39* .53** .55** – 
Note. N = 32; * p < .05; ** p < .01 (two-tailed) 
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The forced entry method was used for the regression analyses (for detailed results see 
Table 2). As we had directional hypotheses for the effects of the individual predictors, these tests 
were one-tailed (two-tailed for omnibus tests of whole model fit R2). As to the positive role of the 
two personality traits of control beliefs and ambiguity tolerance an adjusted R2 = .24 was obtained 
(F(2,29) = 5.82, p = .008) with control beliefs having stronger impact on the model than ambiguity 
tolerance. Excluding the outlier case the value for R2 increased to R2 = .32 (F(2,28) = 8.13, p = .002) 
with both predictors yielding a significant and at least nearly moderate effect. Similarly, the 
coping skill model with subjective range competence and daily range practice as predictors 
yielded an adjusted R2 =.26 (F(2,29) = 6.53, p = .005). Both predictors turned out to reliably 
contribute to the model with subjective range competence showing a stronger association with 
comfortable range than daily range practice. Again, excluding the two identified outlier cases led 
to an increase in explained variance (adjusted R2 = .34, F(2,27) = 8.45, p = .001). To examine the 
relative contribution of personality traits and coping skills in comfortable range, factor scores 
were computed from the two predictor variables in each of the two variable classes. These two 
composite scores then entered the analysis. An adjusted R2 = .42 was obtained (F(2,29) = 12.00, 
p < .001). Both composite variables turned out to be reliable predictors of comfortable range. 
Again, excluding the outlier case improved the model fit, adjusted R2 = .47, F(2,28) = 14.49, 
p < .001. Hence, for both, personality traits and coping skills, a substantial, yet distinct, role in 
comfortable range was indicated. All in all, a substantial share of the variance in comfortable 
range could be explained by the hypothesized predictor variables. 
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TABLE 2 
Personality Traits and Coping Skills as Predictors of Comfortable Range 





          
      Constant -3.27 -3.23 0.97 0.83       
      Control beliefs 0.45 0.44 0.19 0.16 .39 .43 .014 .006 .37 .41 
      Ambiguity 
tolerance 
0.29 0.30 0.18 0.15 .26 .31 .062 .032 .25 .29 
Coping skill model           
     Constant -2.36 -2.05 0.92 0.75       
     Subjective range 
competence 
0.56 0.51 0.22 0.18 .41 .46 .010 .004 .40 .44 
     Daily range 
practice 
0.28 0.26 0.15 0.13 .29 .32 .035 .024 .29 .31 
Composite model           
     Constant 0.00 0.06 0.12 0.10       
     Personality trait 
composite 
0.49 0.52 0.18 0.15 .40 .48 .005 .001 .38 .46 
     Coping skill 
composite 
0.60 0.50 0.20 0.17 .43 .40 .003 .004 .41 .38 
Note. Results after outlier exclusion are given in italics; N = 32 for total sample; N = 31 (personality trait model, 
combined model), N = 30 (coping skills model) without outlier cases; p-values are one-tailed. 
4 General Discussion 
The present research investigated how EV range is experienced by experienced drivers. 
Qualitative dimensions as well as quantitative indicators were examined and the role of personal 
resources in comfortable range was assessed. We found that range is a central resource in 
interacting with electric mobility systems. While range is broadly considered a major barrier to EV 
acceptance, a major finding of the present research was that experienced users subjectively 
appraised range as a resource that they could successfully adapt to. They obtained high range 
satisfaction and finally perceived that they could satisfy most daily mobility needs with the EV. 
Moreover, from the present study it can be concluded that range anxiety is not highly prominent 
in EV use. Most users rarely ran into situations where they felt stressed or nervous as a result of 
range. Although users worried more about range than they would have in a conventional car, 
these worries occurred relatively infrequently. According to results of the qualitative analysis, 
users experienced range somewhat more like a problem-solving task rather than as a stressful 
encounter. Since the mobility patterns of the users (assessed using data loggers in EVs) was 
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relatively similar to users of comparable ICE vehicles (Keinath & Schwalm, 2010), it is likely that 
this finding not only applies to the present study in urban Berlin, but also to several other 
contexts. Nevertheless, certain contexts that require, for example, long daily commutes or do not 
provide sufficient private charging opportunities may challenge this appraisal. In summary, it 
seems reasonable to conclude that for many users, range in electric mobility is manageable in its 
current stage of development. However, in terms of true environmental utility, cost effectiveness 
and broad market potential, EV range not only has to be accepted by users, it also has to be 
experienced in a way that promotes efficient use of this precious resource.  
Substantial inter-individual differences were found in comfortable range and range 
appraisal variables within the user group. The results indicate substantial differences in the range 
buffers users set themselves and notably, suboptimal range utilization for many users. Of course, 
low range utilization in the field may also be a result of low mobility needs, but the questionnaire 
items in the present study controlled for such confounding variables. Moreover, in qualitative 
reports, users described trips they would have liked to have made but were not able to or 
comfortable with, because these trips represented borderline range situations. Hence, evidence 
suggests that comfortable range and range utilization should be enhanced in present and future 
electric mobility systems. Yet, enhancing potential range utilization requires a comprehensive 
understanding of relevant factors that users include in their personal equation for comfortable 
range.  
Concerning the dynamics of comfortable range we found similarities to dynamics of 
experiencing stressful encounters. Measures for range appraisal and comfortable range were 
related to protective factors known to affect stress experience. Evidence shows that internal 
control beliefs and ambiguity tolerance have moderate stress-buffering effects in terms of range 
appraisal and comfortable range. Users that scored low on these variables, in particular, would 
require support to achieve a high level of range utilization. Moreover, as Lazarus points out in his 
work on stress (Lazarus & Folkman, 1984), compared to situational beliefs, general personal 
beliefs influence appraisal more intensely in ambiguous situations than in unambiguous 
situations. Thus, a tentative conclusion may be that the obtained effects concerning personality 
traits might also suggest a particular need for working on disambiguating range situations, for 
instance, with improved human–battery interfaces. In addition to the stress-buffering effects of 
personality traits there was also evidence for substantial stress-buffering effects of coping skills. 
Subjective range competence, that is, positive belief in one’s ability to mentally model range and 
range-influencing factors, was positively linked to enhanced range appraisal and comfortable 
range. Moreover, it was found that daily range practice was positively related to comfortable 
range. This last group of variables points to the potential of information and training on users 
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range utilization and range experience. In sum, the examined protective variables proved fruitful 
in advancing our understanding of the dynamics of range appraisal and comfortable range. 
4.1 Implications for the Future Development of Electric Mobility Systems 
The results of the present study suggest that successful electric mobility systems should not only 
incorporate an EV and charging infrastructure, but also a formal attempt to cope with central 
human factor issues, one of these being range. Daily range practice with an EV is related to range 
appraisal. Hence, the range barrier experienced by many novices may be successfully overcome 
by practice in dealing with range. As a first step, a highly accessible intervention to users would be 
to simulate their daily mobility behavior, for example, using a travel diary. Also, in the present 
study’s interviews at T0, before users received the EV, participants reported that using a diary 
improved their optimism regarding an estimate of the fit between their mobility needs and the 
range resources presented to them; for the first time, they discovered what high percentage of 
their trips an EV could be used for. In the same vein, an experienced user reported that practice 
with driving the EV made him more accurate in judging distances. When at first he estimated a 
certain trip distance at 10 km, he later learned that it was actually shorter (e.g. 6 km). Ideally, a 
range–barrier intervention would also incorporate personality variables such as general control 
beliefs to define individually based levels of support needed. Development of comprehensive 
training and feedback loops, for example, incorporating competitive elements, could be promising 
as well. 
The present findings also have implications for advancing the traditional core of electric 
mobility systems. Fallback options, in terms of recharging opportunities and supportive design of 
human–machine interfaces, can reduce ambiguity and increase internal situational control beliefs, 
for example, incorporating information related to confidence in displayed remaining range 
estimations or adding navigational references (Neumann, et al., 2010). Adaptive assistance and 
information systems (in terms of remaining range situation and personal variables) could increase 
the impact of such designs even further. However, such improvements could also lead to some 
form of negative behavioral adaptation resulting in users acquiring less range skills (i.e., lower 
competent range) and developing less energy-efficient driving habits (i.e., lower performant 
range), which in turn would reduce comfortable range. This phenomenon has been discussed in 
the research on driver-assistance systems (Young, Regan, Triggs, Jontof-Hutter, & Newstead, 
2010) and has been related to theories of risk and task-difficulty homeostasis (Fuller, 2005; Wilde, 
1982). Such aspects should receive further attention in future studies. 
A potential criticism concerning the present study may be whether research on 
psychological factors involved in interacting with range in EVs is of value, because development of 
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battery technology and charging infrastructure density and performance (e.g., battery swapping 
stations) will ultimately make range–barrier considerations redundant in coming years. In fact, 
EVs currently in development offer ranges suitable to a major share of the mobile population, 
when considering range resources and mobility needs, in general. However, the costs of such 
range setups still far exceed the prices that car buyers are willing to pay for an EV. In addition, as 
indicated for example, by the difference in range buffers of short and long distances, greater 
ranges (trip distances) may also result in higher range buffers. Thus, the problem of low range 
utilization may increase. 
Taken together, it is important to understand factors that increase the efficiency of EV 
range use, as well as the accompanying stressfulness of such range utilizations. This is the basis 
for discovering feasible approaches to enhancing usable range for electric mobility users. Based 
on the current findings, instead of simply maximizing range, it may be more desirable to offer 
reliable and affordable range setups that meet perceived mobility needs, or more specifically, that 
result in a reasonably high comfortable range. 
5 Conclusions 
The range of EVs has long been considered a major barrier to public acceptance of electric 
mobility. However, for state-of-the-art electric mobility systems our evidence suggests that range 
is primarily a psychological barrier. However, this does not imply that range in electric mobility 
systems can be dismissed, especially if we take environmental utility and pricing issues into 
consideration. The present study attempted to broaden as well as shift the focus of conventional 
research, from increasing nominal battery capacity to focusing on enhancing usable range. 
Understanding individual range experience dynamics and proposing ideas for supportive 
interventions were efforts in this direction. 
To support the feasibility of this approach, we introduced a relevant variable for range 
experience – comfortable range – merging variables discussed in previous research, namely, range 
buffers and range anxiety. This proposed variable was contextualized in four psychological range 
levels. We present a first attempt to theoretically define the variable of comfortable range within 
the broader theoretical framework of stress and general control theory. Viable strategies to 
improve range experience may be devised from this outline, to ensure the successful 
development of future electric mobility systems. 
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BEV Eco-driving – Competence, Motivational 
Aspects, and the Effectiveness of Eco-
Instructions 
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Eco-driving is of particular importance when driving battery electric vehicles (BEVs) due to 
their limited range. A field study with 38 participants was conducted examining the eco-
driving competence of BEV inexperienced drivers and the effect of comprehensive eco-
instructions on energy consumption. Furthermore, motivational aspects were taken into 
account by applying the theory of planned behaviour (TPB) and investigating a hedonic 
component of BEV eco-driving. Results showed that drivers were able to reduce the energy 
consumption from normal to eco-driving by applying effective strategies, such as a 
moderate acceleration. Although we found an increase of reported eco-driving competence 
for the group receiving eco-instructions compared to the control group, behavioural and 
performance parameters derived from data loggers did not support the effectiveness of the 
given eco-instructions. Factors of the TPB and the hedonic component correlate medium to 
high with the eco-driving performance during normal driving. These correlations were 
absent for energy-efficient driving. Compared to conventional vehicles, drivers reported 
more positive attitudes, stronger behavioural intentions but lower perceived behavioural 
control for BEV eco-driving. Although drivers had no experience with BEVs, they were able 
to reduce BEV energy consumption through an adequate driving style. Eco-instructions had 
an effect on subjectively assessed eco-driving competence. The potential of supplemental 
behavioural components to improve eco-driving behaviour needs to be investigated. 
Obtained correlations between the hedonic component as well as factors of the TPB and 
driving behaviour revealed a high motivational component for BEV eco-driving. This in 
conjunction with more positive assessments compared to conventional vehicles, highlights 
the potential for BEV eco-driving which should be taken into account for interventions and 
the design of in-vehicle systems. 
Key Words: battery electric vehicle, eco-driving, driver education, driver behaviour, field 
study, theory of planned behaviour 




In the last decade eco-driving has gained importance due to its potential to reduce CO2-emissions 
in the transportation sector, and consequently it has been subject to many investigations (Alam & 
McNabola, 2014). To date, research on eco-driving predominantly focuses on internal combustion 
engine vehicles (ICEVs; e.g., Young, Birrell, & Stanton, 2011). In the context of BEVs, energy-saving 
driving behaviour confers an additional benefit compared with ICEVs in terms of extending the 
limited range of these vehicles. Specifically, considering the current limited availability of charging 
stations (Graham-Rowe et al., 2012) and comparatively long charging durations, the potential to 
extend the usable range per charge is of particular importance. The application of effective eco-
driving strategies could therefore contribute to reaching a destination in a BEV despite the battery 
being low on charge. Furthermore, eco-driving competence as an important coping skill in dealing 
with limited range is likely to reduce drivers’ perceived range stress (Rauh, Franke, & Krems, 
2015a). In this sense, eco-driving is likely to remain an essential aspect of prolonging the 
achievable range per charge whilst further contributing to a more sustainable usage of precious 
battery resources. 
Extensive literature exists on eco-driving for ICEVs reporting on effective energy-saving 
strategies (e.g., Sivak & Schoettle, 2012) and the increased energy efficiency derived by 
interventions, such as training (e.g., af Wåhlberg, 2007) or the implementation of smart in-vehicle 
technologies (e.g., Jamson, Hibberd, & Merat, 2015; van der Voort, Dougherty, & van 
Maarseveen, 2001). However, due to the different drive train and additional new features 
incorporated into BEVs, results of studies examining ICEV eco-driving cannot readily be 
transferred to BEVs (Kuriyama, Yamamoto, & Miyatake, 2010). For example, BEVs incorporate 
regenerative braking, a system to actively regain energy in deceleration manoeuvres. Drivers are 
thus required to adapt their driving style to this new feature (Cocron et al., 2013). Some studies 
on BEV eco-driving indicate that BEV experienced drivers are able to reduce the energy 
consumption of a BEV (Helmbrecht, Bengler, & Vilimek, 2013; Neumann, Franke, Cocron, Bühler, 
& Krems, 2015). Yet little is known about the eco-driving competence of BEV inexperienced 
drivers. The importance of studying this group of drivers is emphasised given that each new BEV 
buyer is a potentially inexperienced BEV driver. Moreover, the increasing integration of BEVs into 
fleets and car-sharing arrangements emphasises the relevance of investigating drivers with 
limited or no BEV experience. The present study aims to shed light on the eco-driving competence 
of BEV inexperienced users, and thus the adaptation process undergone at the beginning of BEV 
usage. The objectives of the current study are (1) to examine the eco-driving competence of BEV 
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inexperienced drivers and (2) to investigate the effect of detailed information about BEV eco-
driving strategies on the eco-driving competence of BEV inexperienced drivers. Finally, this paper 
endeavours (3) to explore motivational aspects of BEV eco-driving in comparison to ICEV eco-
driving.  
1.2 Eco-driving & adaptation to BEVs 
Conceptualisations of eco-driving are diverse. Sivak and Schoettle (2012) introduced a broad 
definition of eco-driving involving also non-driving tasks such as selecting a car for purchase or 
vehicle maintenance. The current study approaches eco-driving by focusing predominantly on the 
driving task. Thus, eco-driving is described as the increase of energy efficiency achieved by 
applying effective eco-driving strategies. Eco-driving is further discussed in terms of three 
components; knowledge, behaviour, and performance. According to hierarchical models of driver 
performance (e.g., Hollnagel, Nåbo, & Lau, 2003; Michon, 1985; Rasmussen, 1983), eco-driving 
competence can therefore be described to involve a knowledge-based and a skill-based 
component (Rasmussen, 1983; see also McIlroy & Stanton, 2015) which result in eco-driving 
performance (i.e. energy consumption). Whereas the knowledge-based component is reflected in 
a driver’s knowledge regarding eco-driving strategies (e.g., knowing about the strategy to 
accelerate moderately), the skill-based component is regarded as the behavioural implementation 
of such strategies (e.g., actual acceleration behaviour in a given situation).  
Similar to effects reported for ICEVs, driving style has been found to be an important 
influencing factor for the energy consumption of BEVs. Bingham, Walsh, and Carroll (2012) for 
instance found an increase in energy efficiency up to 30% when applying a less aggressive driving 
style. Analysing several driving parameters, the authors identified the standard deviation (SD) of 
acceleration to be an important influencing variable on BEV energy efficiency. In addition to the 
predominantly technical research on BEV eco-driving (e.g., Bingham et al., 2012), there are a 
limited number of studies approaching BEV eco-driving from a user perspective (e.g., Neumann et 
al., 2015). This research provides some evidence that BEV experienced drivers are able to reduce 
the energy consumption of the BEV by instruction. For instance, Helmbrecht et al. (2013) reported 
consumption reductions of about 27 % for experienced drivers during an eco-drive compared to 
normal driving. The reduction was achieved through smoother acceleration and deceleration 
manoeuvres. This is in line with results from a field study showing that BEV experienced drivers 
were able to significantly reduce energy consumption by applying effective strategies, such as 
even and moderate acceleration and smooth usage of regenerative braking (Neumann et al., 
2015). These findings however were derived from research focusing on BEV experienced drivers, 
who most likely have adapted to the differences between BEVs and ICEVs.  
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Many authors have stressed the differences between both vehicle types with regard to eco-
driving (e.g., Romm & Frank, 2006) and thus the need to adapt to BEVs. Hill, Blythe, and Suresh 
(2010) for instance refer to the following aspects as different for BEVs compared to ICEVs: 
responses of the electric power train at low speeds, lack of gearing, more direct effects of 
auxiliary functions and, most importantly, new features such as regenerative braking. Adapting to 
BEVs by successfully coping with the limited range (Franke, Neumann, Bühler, Cocron, & Krems, 
2012), and thus enhancing a driver’s knowledge and skills concerning eco-driving, is one facet of 
this adaptation process. For BEV inexperienced drivers, this learning process in which the driver 
gets accustomed to these new driving characteristics and features is just initiated. A small number 
of studies have investigated the adaptation process to BEVs by applying longitudinal study 
designs. Franke et al. (2012) for instance examined users’ interaction with the limited range in a 
field study and found an increase of optimal range utilisation after integrating a BEV into the daily 
routine. Pichelmann, Franke, and Krems (2013) found this adaptation period to be completed 
after approximately 3 months, whereas the concrete strategies and processes behind this 
adaptation still remain unclear. Other studies indicate a change of driving style towards less 
aggressive and thus more energy-efficient driving (Rolim, Gonçalves, Farias, & Rodrigues, 2012). In 
this regard Helmbrecht, Olaverri-Monreal, Bengler, Vilimek, and Keinath (2014) found behavioural 
changes towards smoother acceleration and deceleration in BEV driving, compared to ICEV 
driving, after 5 months of BEV experience. The afore-mentioned studies investigated the 
adaptation and learning processes during predominantly naturalistic BEV driving. Observed 
effects could be therefore covered to some extent by motivational factors (Summala, 2007) and 
thus might not necessarily reflect the actual competence of drivers but rather their adapted 
driving habits. That is, drivers’ goals might not solely be motivated by eco-driving but by other 
factors, for instance time efficiency or sporty driving. Consequently, there may be a gap between 
the observed driving behaviour or efficiency of a driver and his or her actual eco-driving 
competence. To date, little research has been published on the development of eco-driving 
competence in BEV use. Neumann et al. (2015) found an increase in BEV eco-driving knowledge 
over a period of 3 months of daily BEV usage. The question however remains whether this 
adaptation process is also reflected at the behavioural facet of eco-driving. The current 
contribution aims to provide an initial understanding how eco-driving behaviour is transferred 
from ICEVs to BEVs by examining different aspects of eco-driving competence (i.e. knowledge, 
behaviour, and performance) of BEV inexperienced drivers. 
1.3 Knowledge of BEV eco-driving strategies 
Several options could be applied to enhance users’ eco-driving performance; one of them being 
driver training (Young et al., 2011). Amongst more or less extensive skill-based learning, an 
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essential part of such trainings is the education of drivers in eco-driving rules (e.g., af Wåhlberg, 
2007; Beusen et al., 2009). This theoretical element consists of information on strategies known 
to lead to an increase in fuel efficiency when applied during driving. As also exemplified by 
research on training (Alliger, Tannenbaum, Bennett, Traver, & Shotland, 1997) and on pro-
environmental behaviour (Kollmuss & Agyeman, 2002), possessing knowledge on (eco-driving) 
strategies is thus an important precondition for (energy-saving) behaviour. 
Some findings indicate that solely educating drivers about eco-driving strategies results in 
improved eco-driving behaviour (e.g., Martin, Chan, & Shaheen, 2012). Thus, van Mierlo, 
Maggetto, van de Burgwal, and Gense (2004) showed that eco-instructions without a specific 
practice component led to significant reductions in fuel consumption. Andrieu and Saint Pierre 
(2012) compared the effectiveness of training (involving knowledge and skill-based elements) 
versus eco-instructions (involving only knowledge-based elements). Both types of interventions 
resulted in equal effectiveness. Hence, trainings based solely on providing information on eco-
driving yielded also successful results. In the case of BEVs as a new mode of transportation, the 
influence of this information component is assumed to be of particular importance given that 
drivers are more likely to possess less knowledge about this technology, and thus about specific 
eco-driving strategies. 
BEV eco-driving research also indicates that prior knowledge and experience in eco-driving 
may result in improved eco-driving performance. Walsh, Carroll, Eastlake, and Blythe (2010) 
examined the impact of driving style on BEV energy consumption in six participants, who differed 
in their driving styles. Assessing their day-to-day driving style, the most efficient driver turned out 
to be an eco-driving expert. Similarly, Knowles, Scott, and Baglee (2012) found an advanced eco-
driver performed best amongst 11 test drivers with regard to energy efficiency.  In these studies 
however knowledge was neither manipulated nor explicitly examined, and the number of 
participants was low. Beyond a positive impact on available range, knowledge of eco-driving 
strategies may also yield a positive effect on perceived range stress (Rauh et al., 2015a). It is 
therefore important to gain further insights into this topic. The current contribution investigates 
the effect of comprehensive instructions concerning energy-saving in BEV use on the eco-driving 
competence of drivers.  
1.4 Influencing factors on BEV eco-driving – the role of motivational aspects  
Driving behaviour is known to be regulated by multiple driver motives and goals (e.g., Summala, 
2007) with one being energy efficiency (e.g., Schießl, Fricke, & Staubach, 2013).  Consequently 
eco-driving competence alone might not necessarily lead to an energy-efficient driving style. 
Correspondingly, Franke et al. (2012) introduced the construct of performant and competent 
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range in the context of BEV driving. According to the authors, performant range (i.e. range 
achieved in normal everyday driving) is “usually obtained by each user based on his eco-driving-
related motivational strengths and habits” (p. 370). Competent range, on the other hand, is 
defined as each driver’s eco-driving ability, which is for instance applied when low on charge. 
Given the potential gap between a driver’s competence and his or her motivation to drive energy 
efficiently, it is important to shed light on motivational aspects to gain a comprehensive picture of 
BEV eco-driving. This is also illustrated by research on motivational factors predominantly with 
regard to ICEV eco-driving. Several driver motives which compete with the goal to drive energy 
efficiently were identified, such as saving time (Schießl et al., 2013; Stillwater & Kurani, 2013) or 
comfort (Harvey, Thorpe, & Fairchild, 2013). Furthermore, there is some evidence that a driver’s 
motivation to save money could lead to an energy-saving driving behaviour (Boriboonsomsin, 
Barth, & Vu, 2011).  
A well-known and widely applied approach of modelling people’s behaviour is the theory of 
planned behaviour (TPB; Ajzen, 1991). According to this theory, the intention to perform a specific 
behaviour is a strong predictor for the actual behaviour, and is itself influenced by perceived 
behavioural control, attitudes and subjective norms. Stressing the motivational component of 
people’s behaviour (Ajzen, 1991; Lindenberg & Steg, 2007), TPB has been widely applied to many 
areas (Armitage & Conner, 2001). It also proved to predict drivers’ behavioural intentions, for 
instance regarding rule violations (e.g., Forward, 2009), and driving behaviour, such as speeding 
(e.g., Elliot, Armitage, & Baughan, 2007).  Lauper, Moser, Fischer, Matthies, and Kaufmann-Hayoz 
(2015) applied the TPB together with other factors to model eco-driving behaviour in ICEVs. They 
found attitudes and perceived behavioural control to be good predictors of eco-driving intentions, 
but the link between behavioural intentions and eco-driving behaviour was relatively weak. To 
our knowledge, there is no published research on factors of the TPB regarding BEV eco-driving.  
Besides factors of reasoned action like the TPB, affective motives such as hedonic values – 
i.e. positive feelings like pleasure or joy associated with certain behaviour - are regarded as 
important motivators. Thus, hedonic values are discussed as motivators for driving behaviour 
(e.g., Näätänen & Summala, 1976; Rothengatter, 1988) as well as pro-environmental behaviour 
(e.g., Lindenberg & Steg, 2007; Schuitema, Anable, Skippon, & Kinnear, 2013). In their goal-
framing theory, Lindenberg and Steg (2007) propose hedonic values to be one of three central 
motives which drive pro-environmental behaviour such as eco-driving. In the context of BEVs, 
hedonic attributes have been emphasised as an important aspect in the adoption of these 
vehicles (Bühler, Cocoron, Neumann, Franke, & Krems, 2014; Schuitema et al., 2013). Feelings of 
joy or pleasure are also associated with the approach of gamification (e.g., Simões, Redondo, & 
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Vilas, 2013) which is increasingly gaining importance in the field of eco-driving (Diewald, Möller, 
Roalter, Stockinger, & Kranz, 2013). 
As motivational factors are important determinants of actual driving behaviour during daily 
routines, one aim of this study is to explore these aspects in the context of BEV eco-driving, 
specifically by applying the TPB and addressing hedonic values of eco-driving. 
1.5 Research objectives 
Based on the reviewed literature, it is apparent that there is a lack of knowledge regarding BEV 
eco-driving competence and related adaptation processes. This study therefore identified the 
following topics for investigation: (1) the eco-driving competence of BEV inexperienced users and 
(2) the effects of eco-instructions. Furthermore, the paper endeavours (3) to gain an insight into 
motivational aspects of BEV eco-driving. In reference to (1), the eco-driving competence of BEV 
inexperienced users, we propose three important aspects for research. Analogically to Neumann 
et al. (2015), we assessed knowledge on BEV eco-driving (e.g., reported strategies), behavioural 
measures (e.g., acceleration behaviour), and resulting eco-driving performance (e.g., energy 
consumption). With regard to these three aspects, we additionally investigated the effect of 
providing comprehensive information on eco-driving on all components of eco-driving (2). This 
appeared to be a promising starting point given that knowledge regarding relevant strategies is 
known to be an important precondition for a specific behaviour (Alliger et al., 1997; Kollmuss & 
Agyeman, 2002). In the context of BEVs as a new technology, knowledge may hold greater 
relevance. This assumption is supported by the finding that knowledge on BEV eco-driving 
strategies increases with BEV experience (Neumann et al., 2015). Taken in conjunction with 
empirical evidence on the effectiveness of eco-instructions of ICEV drivers (Andrieu & Saint Pierre, 
2012; van Mierlo et al., 2004), we hypothesised a positive effect of the provision of information 
about BEV eco-driving strategies. That is, we predicted that those drivers receiving eco-instruction 
would demonstrate not only an enhanced knowledge of eco-driving strategies, but also more 
effective eco-driving behaviour, and better performance (i.e. lower energy consumption) than 
drivers derived from a control group receiving no eco-instruction. To obtain a valid picture of 
users’ eco-driving competence, a multi-method approach was applied combining qualitative and 
quantitative assessments of the drivers, supplemented by logger data.  
The third aim of the study was (3) to explore BEV eco-driving based on motivational aspects. 
Thus, behavioural intentions as the motivational aspect of the TPB (Ajzen, 1991) and respective 
influencing factors, like attitudes and subjective norms, together with perceived behavioural 
control, were investigated. Additionally we investigated an affective motive in terms of the 
hedonic value of eco-driving. To examine the potential of BEVs as a new mode of transportation 
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with regard to eco-driving, the evaluations of BEV and ICEV eco-driving should be compared. We 
further studied the relationship between these subjective assessments and drivers’ BEV (eco-
)driving behaviour.  
2 Methods 
2.1 Study Design  
The current research was part of a field study within the EVERSAFE project (Cocron et al., 2014). 
To examine drivers’ BEV eco-driving competence and to study the effect of an eco-instruction, a 
2 (condition) x 2 (eco-instruction) mixed design was applied. The within-factor condition (normal 
versus eco) served to investigate whether participants were able to reduce energy consumption 
when instructed to drive energy efficiently in comparison to their normal driving style. Eco-
instruction (with and without) as between-factor was introduced to examine the impact of 
providing detailed information concerning BEV eco-driving strategies on the eco-driving 
competence of participants.  
2.2 Participants 
A total of 44 persons were selected to take part in the study, with all participants fulfilling the 
selection criteria of possessing a valid driving license for at least 2 years and being at least 24 
years of age. Six persons were excluded from the analysis because they had experienced BEV 
driving beyond a short test drive (> 10 km BEV driving; n = 5) or had previously taken part in an 
eco-driving course (n = 1). Data from a total of 38 persons was therefore included in the analysis. 
The sample consisted of 14 women and 24 men who had a mean age of M = 37 years (SD = 10). 
Participants had held their class B driving license for an average of M = 17 years (SD = 9) and had a 
mean annual mileage of M = 17573 km (SD = 16199) with their usually driven vehicle. The sample 
was highly educated; the majority of the participants (55 %) held a university degree. Participants 
were assigned to the experimental groups, aiming at an equal distribution of age, gender and ICEV 
driving experience. While one group received general information about the test BEV (without 
eco-instruction; control group), the other group received additional information regarding BEV 
eco-driving strategies (with eco-instruction; experimental group).  
2.3 Test vehicle 
The test BEV used in the study was a Mitsubishi iMiEV with a driving range of approximately 
150 km. The vehicle featured three regeneration modes corresponding to the level of 
deceleration through regenerative braking: B (strong regenerative braking), D (medium 
regenerative braking) and C (weak regenerative braking). For the eco-driving part of the study, 
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participants drove solely in mode B. The regenerative braking system returned energy to the 
battery whenever drivers lifted their foot from the accelerator.  
The test vehicle was equipped with data loggers recording several driving parameters with a 
sample rate of 100 Hz by the Federal Highway Research Institute (BASt). For each participant and 
test drive, acceleration, and GPS position were collected via sensors. The motor current draw was 
measured via a current clamp, whose signal was integrated in the data logger. 
2.4 Procedure and driving scenario 
After welcoming, participants received standardised information about the test BEV including 
information on its most important features, such as regenerative braking. Subjects then 
completed a pre-questionnaire and were given the opportunity to familiarise with the BEV on a 
closed test track.  Afterwards, participants received standardised information about the test BEV’s 
displays including the instantaneous power meter with eco-indication (Figure 1).  
 
Figure1. Interface of the test BEV including State of Charge (SoC) display (left), instantaneous 
power meter with eco-indication (middle) and remaining range display (right). 
Note. SoC is indicated via 16 bars (representing 6.25% each). 
 
Subsequently, subjects completed two test drives on a 14 km route in traffic. The route 
contained sections of urban (speed limits between 30 and 50 km/h) and rural roads (speed limits 
between 70 to 100 km/h) consisting of one lane. Given the hilly elevation profile, the chosen 
route offered potential for energy-efficient driving (Walsh et al., 2010). During both drives, 
participants received route guidance instructions from a navigation system and were 
accompanied by an investigator; deviations from the given route were not detected. Subjects 
were asked to drive the same route twice with different instructions: 
(1) Condition normal: “Please drive the given route in traffic as you would normally do. 
Please drive in a way which does not obstruct traffic.”  
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(2) Condition eco: “Please drive the given route as energy efficiently as possible. This 
means, please adjust your driving behaviour to consume as little energy as possible. 
Please drive in a way which does not obstruct traffic.”  
Before and after the second test drive, another questionnaire was applied. The sequence of 
the two conditions was not counterbalanced as found in other studies (e.g., Jagiellowicz, Hanig, & 
Schmitz, 2014), because it was important to collect the normal driving behaviour of the 
participants before asking for eco-driving. It was expected that if drivers were already instructed 
to drive energy efficiently in the first test drive and therefore made aware about the research 
interest, it would somehow influence their ‘normal’ driving in the second test drive. To ensure 
compliance, all participants were told that they would receive a 20€ incentive for their 
participation after completing the experiment and in addition could receive extra money (5€) if 
they drove particularly energy efficiently. Nevertheless, all test drivers received the total 25€ for 
their participation upon completing the experiment.  
To control for different traffic conditions, participants were asked to rate the traffic density 
after each test drive on a fine-grained scale (0, 1, ..., 9, 10), in which only the end points of the 
scale were labelled (1 - no traffic at all and 10 - very high traffic). The traffic densities for both 
conditions of the driving test were rated rather low (Mnormal = 2.58, SDnormal = 1.12; Meco = 2.24, 
SDeco = 0.85) and did not significantly differ from each other, t(37) = 1.74, p = .091, d = 0.28. 
Throughout the experiment, it was not possible to keep the BEV’s initial SoC constant across the 
trials. However, the high, medium, and low initial SoC was counterbalanced between the 
experimental groups, which is also reflected in a non-significant difference between groups 
regarding this parameter, t(36) = -1.25, p =  219, d = 0.41. The settings of all features which could 
influence energy consumption (e.g., climate control, radio) were fixed to keep their influence on 
energy consumption constant across all test drives.  
Prior to the eco condition, subjects in the experimental group additionally received an eco-
instruction which contained comprehensive information on the eco-driving strategies summarised 
in Table 1. The eco-instruction was compiled based on reported eco-driving strategies by BEV 
experienced drivers and research findings on BEV energy efficiency (Table 1).  
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Table 1. Eco-instruction received by informed group, and respective sources. 
Eco-driving strategy Sources  
Eco-driving strategies with regard to driving behaviour (applicable during driving experiment) 
Accelerate moderately and evenly Bingham et al. (2012); Energy Saving Trust 
(2011); Kim, Lee, and Kang (2015); Neumann et 
al. (2015); Walsh et al. (2010) 
Use regenerative braking to decelerate Energy Saving Trust (2011); Helmbrecht et al. 
(2013); Neumann et al. (2015); Walsh et al. 2010 
Choose moderate and constant speeds Bingham et al. (2012); Helmbrecht et al. (2013); 
Knowles et al. (2012); Kim et al. (2015); 
Neumann et al. (2015) 
Choose an anticipatory driving style Energy Saving Trust (2011); Helmbrecht et al. 
(2013); Neumann et al. (2015) 
Drive in a way that instantaneous power 
meter indicates low energy consumption 
Carroll and Walsh (2011); Neumann et al. (2015) 
Additional eco-driving strategies (not applicable during driving experiment) 
Avoid auxiliary functions Energy Saving Trust (2011); Bingham et al. 
(2012); Neumann et al. (2015)  
Choose the most energy-efficient route to 
destination 
Walsh et al., (2010); Knowles et al., (2012); 
Neumann et al. (2015) 
Minimise load Energy Saving Trust (2011); Neumann et al. 
(2015) 
Choose optimal tyres/tyre pressure Energy Saving Trust (2011); Neumann et al. 
(2015) 
 
2.5 Data collection 
2.5.1 Knowledge of eco-driving strategies 
Knowledge as one facet of eco-driving competence was assessed by several variables. The first 
variable, knowledge about eco-driving strategies, was assessed by asking the following open-
ended question after both test drives (normal and eco condition): “Which strategies do you know 
to drive energy efficiently with the BEV?” All answers were coded using inductive category 
development according to Mayring (2000). A system of categories developed by Neumann, 
Franke, Bühler, Cocron, and Krems (2014) was modified based on the material and applied to all 
answers. In order to control for possible bias that might occur during the coding process, 50% of 
the material was independently coded by two researchers. Results revealed an “almost perfect” 
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inter-rater reliability (к = .88; Landis & Koch, 1977). In order to gain a detailed insight into 
participants’ knowledge about BEV eco-driving strategies and the effect of the eco-instruction, the 
frequency of each assigned category was analysed. Additionally, as a second variable for 
knowledge, the sum of reported strategies was compared between experimental and control 
groups for both points of data collection. 
The third variable assessing general subjective eco-driving knowledge was asked for BEVs and 
ICEVs in order to allow a comparison between both vehicle types. In this regard the following item 
was addressed: “I know exactly what to do to drive energy efficiently.” Participants were required 
to answer the item (for BEVs and ICEVs) by indicating their approval on a 6-point Likert scale 
ranging from 1 (completely disagree) to 6 (completely agree). If not specified otherwise, this scale 
was applied to all items throughout the questionnaires. 
2.5.2 Eco-driving behaviour 
For the second facet of eco-driving competence, driving behaviour, logger data and subjective 
assessments were combined. Based on the collected logger data, the following parameters of 
eco-driving behaviour were analysed for each participant in both conditions (eco and normal): (a) 
mean positive acceleration, (b) mean deceleration, (c) mean SD of acceleration, (d) mean regained 
energy. These parameters have been shown in previous studies to be valid indicators for eco-
driving (e.g., Bingham et al., 2012; Neumann et al., 2015). Due to a poor quality of data and a high 
rate of data loss across all subjects, GPS data and thus velocity could not be analysed. Mean 
positive acceleration (m/s²) was analysed taking into account all acceleration values above 0 m/s² 
collected by the accelerometer. For mean deceleration (m/s²), all collected acceleration values 
below 0 were included in the analysis. As a measure for variance of acceleration, the SD of all 
acceleration values was calculated. Mean regained energy was computed via all negative (i.e. 
regained) values collected by the current clamp.  
As a subjective measure of eco-driving behaviour, participants were asked to indicate how 
often they applied specific eco-driving strategies (Table 2) throughout the eco-drive on a scale 
ranging from 1 (never) to 6 (almost always). The questionnaire items were constructed based on 
the eco-instruction given to the experimental group and applied after the eco condition. Some of 
the strategies could not be applied during the eco-drive because of the test settings (such as the 
given test route, standardised settings for air conditioning etc.) and therefore were labelled 
hypothetical eco-driving behaviour. Scores were calculated summarising the ratings for each 
questionnaire item for both scales; hypothetic (Cronbach’s α = .59) and applied eco-driving 
behaviour (Cronbach’s α = .59). The scores between the control and experimental group were 
compared. 
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Table 2. Items relating to addressed for hypothetical and applied eco-driving behaviour. 
Applied eco-driving behaviour 
 I tried to accelerate moderately. 
 I tried to maintain a constant speed. 
 I tried to drive at a lower speed. 
 I tried to actively apply the regenerative braking. 
 I tried to drive in a way that the instantaneous power meter indicates energy-efficient 
driving. 
 I tried to avoid unnecessary stops. 
Hypothetical eco-driving behaviour 
 I would have chosen the most energy-efficient route to my destination. 
I would have switched off the air conditioning. 
I would have switched off the heater.  
I would have switched off the radio. 
I would have switched off the headlights (during daytime). 
I would have avoided unnecessary and heavy luggage. 
I would have looked for an optimal tyre pressure. 
 
2.5.3 Eco-driving performance 
As the last component of eco-driving competence, eco-driving performance was assessed via 
logger data and participants’ ratings.  Firstly, energy consumption during both test drives was 
analysed by converting the signal of the current clamp (i.e. motor current draw) into energy 
consumption. This parameter was compared between the normal and the eco condition, as well 
as between both groups (with versus without eco-instruction). Secondly, participants were asked 
to rate their performance (rated eco-driving performance) on a scale ranging from 1 (not energy-
efficient at all) to 10 (very energy-efficient). To investigate the effect of eco-instruction, the ratings 
were compared between the control and experimental group. 
2.5.4 Perceived helpfulness of eco-instructions and other devices 
In order to get an insight into what may have helped participants to drive energy efficiently during 
the eco-drive, they were asked to indicate the perceived helpfulness of several aspects on a scale 
ranging from 1 (not helpful at all) to 10 (very helpful). The options were the following: information 
on the instantaneous power meter, information on the speedometer, information on the 
remaining range display, knowledge about ICEV energy-efficient driving, and the eco-instruction 
(experimental group only). Additionally, the van der Laan acceptance scale, an established 
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instrument to measure attitudes towards in-vehicle devices (van der Laan, Heino, & de Waard, 
1997), was applied for the instantaneous power meter (for a more detailed description refer to 
section 2.5.5). 
2.5.5 Factors of the TPB for BEV eco-driving 
For the exploration of BEV eco-driving and its comparison to ICEV eco-driving, the factors 
proposed by the TPB (Ajzen, 1991) were addressed in a questionnaire after the eco-drive. Thus, 
participants had already experienced or tried BEV eco-driving before answering questions on this 
topic. The scales and associated items depicted in Table 3 were applied for BEV as well as for ICEV 
eco-driving; therefore the wording was slightly adjusted (i.e. referring to a BEV or the usually 
driven ICEV). Internal consistencies of all scales (Table 3) turned out to be acceptable (all 
Cronbach’s α >.60; Hair, Sarstedt, Ringle, & Mena, 2012).  
 
Table 3. Overview of questionnaire items on perceived behavioural control, subjective norm, 
behavioural intentions, and the hedonic value of eco-driving. 
Scales (Cronbach’s alpha) and associated items 
Subjective norm (αBEV = .72; αICEV = .90) 
 People whose opinions I value would endorse me to drive energy efficiently with a BEV. 
Most people who are important to me are of the opinion that I should drive energy-
efficiently with a BEV. 
Perceived behavioural control 
 The energy consumption of the BEV depends essentially on my actions. 
The range of the BEV is mostly affected by factors that I have no influence over. 
(inverse)1 
The range I could achieve is mostly influenced by factors I am able to control.1 
Behavioural intention (αBEV = .69; αICEV = .91) 
 While driving a BEV, I would consciously monitor the energy consumption of the BEV. 
I would always strive to drive particularly energy-efficiently with a BEV. 
Hedonic value of eco-driving (αBEV = .82; αICEV = .87) 
 It is fun to drive in a way that the instantaneous power meter displays maximum energy 
recovery. 
 I enjoy knowing that I can extend the range of the BEV through energy-efficient driving. 
 When I realise that my energy consumption is low, I feel happy. 
 I do not care about the energy consumption of the BEV. (inverse) 
Note. All listed items refer to the test BEV. Items regarding ICEV eco-driving refer to the 
participants’ usually driven vehicle. For these items, ’BEV‘ was replaced by ’vehicle‘. Answers were 
given on a 6-point Likert scale ranging from 1 (completely disagree) to 6 (completely agree). 
1Items were only asked in reference to the BEV. 
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Attitudes towards eco-driving were addressed by the van der Laan acceptance scale (van der 
Laan et al., 1997) which includes two dimensions of attitudes, satisfaction and usefulness. The 
scale contains nine semantic differentials; four items belong to the satisfaction scale (e.g., 
pleasant – unpleasant, nice – annoying; αBEV = .87, αICEV = .80), five items represent the usefulness 
scale (e.g., useful – useless, bad – good; αBEV = .79; αICEV = .74).  
The scores of each scale derived for BEV and ICEV eco-driving were compared to each other, 
with the exception of perceived behavioural control for which only a single item was applied to 
ICEVs. Additionally, to gain an insight into the relevance of motivational aspects for BEV eco-
driving, the scales were correlated with BEV eco-driving performance (i.e. energy consumption) 
during both test drives.  
2.5.6 Hedonic value of eco-driving 
As an additional facet of motivational aspects, the hedonic value of eco-driving was assessed for 
both vehicle types in the questionnaire after the eco-drive. The items of the self-constructed scale 
yielded satisfying Cronbach’s α (Hair et al., 2012) and are depicted in Table 3. In parallel to the 
factors of the TPB, the derived scores for both vehicle types were compared to each other and the 
hedonic value of eco-driving for BEVs was correlated with BEV eco-driving performance for both 
conditions. 
2.6 Data analysis 
For research questions (1) (examination of BEV eco-driving competence) and (2) (effectiveness of 
eco-instruction), almost all measures were analysed calculating a mixed ANOVA, with factors 
condition (within) and eco-instruction (between). This was reasonable given that the measures 
applied for eco-driving competence remained the same for both objectives. Based on the 
hypothesised positive effect of the eco-instruction, effects of eco-instruction, interaction effects 
and post-hoc comparisons of the experimental groups after the eco condition were tested one-
tailed. All other effects were tested two-tailed. With regard to research question (3) and the item 
on knowledge addressed for research questions (1) and (2), mixed ANOVAs with factor eco-
instruction (between) and vehicle type (within) were calculated for each variable. The factor eco-
instruction was taken into account for reasons of statistical control since an influence of this 
manipulation on subjective ratings could not be excluded. 
2.6.1 Logger data 
For the analysis of logger data, five sections of the test track of 1.0 to 2.4 km in length were 
identified based on BEV energy efficiency profiles proposed by previous findings (e.g., Walsh et 
al., 2010). The route sections differed with regard to their category (rural vs. urban road), 
elevation profile (hilly vs. uphill vs. downhill; Figure 2) and the frequency and sharpness of curves. 
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The route sections had a total length of 8.3 km. As the current study did not address the 
differences between the specific parts of the route, a score calculated by the weighted means for 
all route sections was analysed. Each variable was therefore averaged across the five route 
sections, weighted by the amount of data collected (i.e. travel time). Some sections of the route 
were excluded from the analysis; for example at a few intersections, such as at traffic lights, 
uncontrolled start-stop manoeuvres could have occurred. These were expected to provide 
unbalanced data across participants and between conditions and were therefore excluded. 
Additionally, a monotonous section (no curves, speed limit of 30 km/h) was excluded given that 
only limited effects of eco-driving strategies were expected (e.g., Helmbrecht et al., 2013). This 
section also contained two of the uncontrolled intersections.  
 
 
Figure 2. Elevation profile of the test track in real traffic with defined route sections for analysis. 
Note. RS = route section. 
 
Logger data was collected for all 38 participants. For some participants however collected 
data via the accelerometer (n = 11) and the current clamp (n = 13) were incomplete. This resulted 
in a reduced sample (33 ≥ N ≥ 31) for the analysis of the parameters derived from logger data.  
  
ARTIKEL 4 | 155 
 
3 Results 
3.1 Knowledge of eco-driving strategies 
To investigate the knowledge component of eco-driving competence, knowledge about eco-
driving strategies reported by drivers were analysed using Pearson’s chi-square test (Table 4). 
While the comparisons between the experimental and control group did not reveal any significant 
differences prior to the eco-drive, significant effects were found after the eco-drive. There was 
therefore a significant association between the eco-instruction and stating the following eco-
driving strategies: avoid high speeds, drive evenly, avoid auxiliary functions, choose optimal 
tyres/tyre pressure, and minimise load. 
Additionally, the sum of reported strategies before and after the eco-drive was compared for 
both groups calculated with a mixed ANOVA. Results revealed a significant effect for condition, 
F(1, 34) = 15.17, p < .001, ηp
2 = .31, and eco- instruction, F(1, 34) = 14.71, p < .001 (one-tailed), 
ηp
2 = .30. The interaction (condition x eco- instruction) was also significant, F(1, 34) = 6.05, p = .001 
(one-tailed), ηp
2 = .151. Post-hoc performed t-tests showed no significant difference between both 
groups for the normal condition (MEG = 3.17, SDEG = 1.10, MCG = 2.44, SDCG = 1.20), t(34) = 1.88, 
p = .068, d = 0.63. However for the eco condition, a significant difference between the control 
(M = 2.83, SD = 1.38) and the experimental group (M = 4.89, SD = 1.68) was observed, t(34) = 4.01, 
p < .001 (one-tailed), d = 1.34. Hence, results of the knowledge component of eco-driving 
competence support the hypothesis; participants who received the eco-instruction reported on 
average approximately two strategies more than participants derived from the control group. 
The results of the mixed ANOVA for general subjective eco-driving knowledge reflect the 
effects obtained for the knowledge of eco-driving strategies. The mixed ANOVA showed no 
significance for the main factors, vehicle type, F(1, 36) = 2.75, p = .106, ηp
2 = .07, and eco-
instruction, F(1, 36) = 2.01, p = .165, ηp
2 = .05. There was however a significant interaction effect, 
F(1, 36) = 8.60, p = .006, ηp
2 = .19. Post-hoc applied t-tests revealed a significant difference 
between reported knowledge about BEV eco-driving for the group who received eco-instructions 
(M = 5.33, SD = 0.69) in comparison to the control group (M = 4.70, SD = 0.57), t(36) = 3.10, 
p = .004, d = 1.00. Additionally, participants of the control group assessed their knowledge for 
ICEVs (M = 5.30, SD = 0.66) to be significantly greater than for BEVs (M = 4.70, SD = 0.57), 
t(19) = 3.04, p = .007, d = 0.68. 
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Table 4. Comparison of reported BEV eco-driving strategies for experimental and control group before and after the eco-drive (Chi-square test). 
Strategy 
Pre eco-drive Post eco-drive 
Percentage of participants (%) CG T0 vs. EGT0 Percentage of participants (%) CG T1 vs. EGT1 
EG T0 CG T0 Χ²( df= 1) p (2-tailed) φ EG T1 CG T1 Χ²( df= 1) p (1-tailed) φ 
Avoid high speeds 27.8 11.1 1.60 .402
 a
 -.21 38.9 5.0 6.55 .014
 a
 -.42 
Accelerate moderately 55.6 50.0 .11 .728 -.06 66.7 65.0 0.01 .457 -.02 
Drive evenly (speed & 
acceleration) 
22.2 22.2 0.00 >.999 .00 44.4 15.0 4.00 .023 -.32 
Use regenerative braking 
/avoid braking 
72.2 66.7 0.13 .717 -.06 77.8 60.0 1.39 .120 -.19 
Choose anticipatory driving 
style 
66.7 38.9 2.79 .181
a
 -.28 83.3 65.0 1.642 .181
 a
 -.21 
Avoid auxiliary functions 
(e.g., air conditioning, radio) 
38.9 33.3 0.12 .729 -.06 66.7 35.0 3.80 .026 -.32 
Drive in a way that the 
instantaneous power meter 
indicates low energy 
consumption 
5.6 11.1 0.36 >.999
 a
 .10 37.5 62.5 0.40 .411
 a
 .10 
Let the car roll (sailing) 5.6 0.0 1.03 >.999
 a
 -.17 5.6 0.0 1.14 .474
 a
 -.17 
Choose the most energy-
efficient route to destination 
5.6 5.6 0.00 >.999
 a
 .00 16.7 10.0 0.37 .448
a 
-.10 
Choose optimal tyres/tyre 
pressure 
5.6 0.0 1.03 >.999
 a
 -.17 33.3 0.0 7.92 .007
 a
 -.46 
Minimise load 11.1 5.6 0.36 >.999
 a
 -.10 38.9 5.0 6.55 .014
 a
 -.42 
Note. Pre: N = 36, NEG = 18, NCG = 18; Post: N = 38; NEG = 18, NKG = 20; significant results in bold; 
a
Fisher’s exact test was used because expected frequencies were below 5 (Field, 
2013); categories were included if greater than or equal to 5% of the participants reported it at any time of data collection.  
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3.2 Eco-driving behaviour 
As an additional aspect of eco-driving competence, several indicators for driving behaviour were 
analysed. The following sections describe the results for these variables including mean positive 
acceleration, mean deceleration, SD of acceleration, and main regained energy, as well as a score for 
the reported application of eco-driving strategies. 
3.2.1 Mean positive acceleration 
For mean positive acceleration, results of the mixed ANOVA revealed a significant effect of condition, 
F(1, 31) = 27.83, p = <.001, ηp
2 = .47 (Figure 3). Hence, participants significantly reduced the positive 
acceleration during the eco (M = 0.43, SD =0.03) compared to the normal condition (M = 0.49, 
SD = 0.06). Contrary to the hypothesis, there was neither a significant effect of eco-instruction, 
F(1, 31) = 0.05, p = .412 (one-tailed), ηp
2 < .01,  nor a significant interaction, F(1, 31) = 1.20, p = .141 
(one-tailed), ηp
2 = .04.  
 
 
Figure 3. Score for mean positive acceleration compared for condition eco and normal, and between 
experimental and control group. 
Note. NEG = 14; NCG = 19. Error bars represent 95% CI. 
 
3.2.2 Mean deceleration 
The mixed ANOVA for mean deceleration showed a significant effect for the factor condition, 
F(1, 31) = 57.67, p = <.001, ηp
2 < .65, revealing a smoother deceleration during the eco (M = -0.50, 
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SD = 0.04) in comparison to the normal condition (M = -0.57, SD = 0.07; Figure 4). There was no 
significant effect for the factor eco-instruction, F(1, 31) = 1.20, p = .141 (one-tailed), ηp
2 = .04. 
Although a significant interaction was obtained, F(1, 31) = 4.55, p = .021 (one-tailed), ηp
2 < .13, post-
hoc tests revealed no significant differences between the groups, neither for the normal condition, 
t(31) = 1.69, p = .102, d = 0.60, nor for the eco condition, t(31) = 0.15, p = .440 (one-tailed), d = 0.06. 
Hence, the hypothesis could not be confirmed for the deceleration behaviour.  
 
 
Figure 4. Score for mean deceleration compared for condition eco and normal, and between 
experimental and control group. 
Note. NEG = 14; NCG = 19. Error bars represent 95% CI. 
 
3.2.3 Variance of acceleration 
The mixed ANOVA calculated for SD of acceleration (Figure 5) showed a significant effect of 
condition, F(1, 31) = 71.89, p = <.001, ηp
2 = .70, and a significant interaction, F(1, 31) = 5.38, p = .014 
(one-tailed), ηp
2 = .15. The effect of eco-instruction was not significant, F(1, 31) = 0.90, p = .175 (one-
tailed), ηp
2 = .03. Post-hoc t-tests for the interaction revealed no significant difference between the 
control and experimental group, neither for the eco, t(31) = -0.56, p = .290 (one-tailed), d = 0.20, nor 
for the normal condition, t(31) = 1.73, p = .094, d = 0.61. The SD of acceleration however, in the 
control group (M = 0.63, SD = 0.08) tended to be lower than in the experimental group (M = 0.67, 
SD = 0.08) for the normal drive. This was not the case for the eco condition (MEG = 0.54, SDEG = 0.05; 
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Figure 5. Score for mean SD of acceleration for condition normal and eco, and between experimental 
and control group. 
Note. NEG = 14; NCG = 19. Error bars represent 95% CI. 
 
3.2.4 Mean regained energy through regenerative braking  
For mean regained energy through regenerative braking, the mixed ANOVA showed similar results as 
for the other logged driving parameters. Again, there was a significant effect of condition, 
F(1, 29) = 70.15, p < .001, ηp
2  = .71, in terms of a more moderate regenerative power during the eco 
(M = -3.42, SD = 0.40) compared to the normal condition (M = -4.27, SD = 0.71; Figure 6). The effect 
of eco-instruction was not significant, F(1, 29) = 1.13, p < .149 (one-tailed), ηp
2 = .04. Although there 
was a significant interaction, F(1, 29) = 5.13, p = .016 (one-tailed), ηp
2 = .15, post-hoc t-tests revealed 
neither significant differences between the experimental groups for the normal, t(29) = 1.71, 
p = .099, d = 0.62, nor for the eco condition, t(29) = 0.37, p = .358 (one-tailed), d = 0.13.  
The effect of lower regenerative power during the eco-drive might seem paradoxical, but it 
supports previous findings (e.g., Neumann et al., 2015) and can be explained by a physical principle. 
Even if energy is recaptured during deceleration manoeuvres, the driver has to accelerate (i.e. 
consume energy) beforehand - hence, there is no energy recapture without acceleration and thus 
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energy consumption. The optimum driving pattern in terms of eco-driving appears to be moderate 
and constant usage of the accelerator pedal in an attempt to consume and regain only as much 
energy as necessary by avoiding unnecessary regenerative braking events.  
 
 
Figure 6. Score for mean regained energy for condition normal and eco, and between control and 
experimental group. 
Note. NEG = 13; NCG = 18. Error bars represent 95% CI. 
 
3.2.5 Reported eco-driving behaviour 
To supplement the logger data on eco-driving behaviour, participants’ ratings on the frequency of 
applied and hypothetical eco-driving behaviour was analysed. A one-way ANOVA with factor eco-
instruction revealed a significant difference regarding the score on reported eco-driving behaviour 
for the experimental and control group, F(1, 36) = 7.424, p = .005 (one-tailed), ηp
2 = .17. Supporting 
the hypothesis, participants of the experimental group (M = 30.22, SD  = 2.86) reported a significantly 
more frequent application of eco-driving strategies than the subjects of the control group (M = 27.40, 
SD = 3.46). An additional ANOVA on hypothetical eco-driving behaviour showed no significant 
differences between the control (M = 28.15, SD = 5.46) and experimental group (M = 29.06, 
SD = 5.65), F(1, 35) = 0.247, p = .312 (one-tailed), ηp
2 = .01. 
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3.3 Eco-driving performance 
With respect to the third aspect of eco-driving competence, drivers’ eco-driving performance, we 
analysed a combination of variables collected by the data logger (energy consumption) and derived 
by driver assessment (rated eco-driving performance).  
Results of the mixed ANOVA for energy consumption showed a significant effect of condition, 
F(1, 29) = 26.91, p < .001, ηp
2 = .56. Participants were thus able to reduce the energy consumption of 
the BEV during condition eco (M = 11.89, SD = 0.63) compared to the normal condition (M = 12.81, 
SD = 0.84) by about 7% (Figure 7). In line with the findings of logged behavioural data and contrary to 
the hypothesis, there was neither a significant interaction, F(1, 29) = 0.90, p = .176 (one-tailed), 
ηp
2 = .03, nor a significant effect of eco-instruction, F(1, 29) = 0.46, p = .252 (one-tailed), ηp
2 = .02. 
 
 
Figure 7. Score for mean energy consumption compared for condition normal and eco, and between 
control and experimental group. 
Note. NEG = 13; NCG = 18. Error bars represent 95% CI. 
 
Concerning participants’ subjective assessment of eco-driving performance, a t-test for 
independent groups was applied to compare the experimental groups. Results revealed a significant 
higher performance assessment for the group who received the eco-instruction (M = 8.11, 
SD = 1.37) compared to the control group (M = 7.00, SD = 1.84), t(38) = 2.14, p = .020 (one-tailed), 
d = 0.78. 
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3.4  Perceived helpfulness of eco-instructions and other devices  
The drivers’ assessments of different information or devices, which were potentially helpful for the 
eco-driving task, including the eco-instruction, was investigated. As can be seen in Figure 8, all 
provided options were rated helpful to very helpful; there were no differences between the control 
and experimental group. Together with the instantaneous power meter, eco-instruction (only 
assessed by the experimental group) resulted in the highest helpfulness-ratings. In accordance with 
this high assessment of helpfulness, the results of the van der Laan acceptance scale (van der Laan et 
al., 1997) for the test BEV’s instantaneous power meter revealed a positive evaluation regarding 
usefulness (M = 1.42, SD = 0.59) and satisfaction (M = 1.26, SD = 0.61). 
 
 
Figure 8. Rated helpfulness of eco-instruction, devices in the test vehicle, and ICEV eco-driving 
strategies separated for each group (error bars represent 95% CI). 
 
3.5 Motivational aspects of BEV eco-driving compared to ICEVs 
In order to shed light on motivational aspects of BEV eco-driving, the factors of the TPB (Ajzen, 1991) 
together with a hedonic component regarding eco-driving was applied. The following sections 
present these results via a comparison between BEV and ICEV eco-driving. Finally, we report 
correlations between subjects’ assessments and behavioural data on BEV eco-driving performance. 
3.5.1 Perceived behavioural control 
Results of the mixed ANOVA for perceived behavioural control regarding the energy consumption of 
the vehicle showed an effect of vehicle type, F(1, 36) = 4.53, p = .040, ηp
2 = .11. Perceived behavioural 
control regarding the BEV energy consumption turned out to be lower than for ICEVs (Table 5). There 
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was neither an effect of eco-instruction, F(1, 36) = 0.40, p = .531, ηp
2 = .01, nor an interaction, F(1, 
36) = 1.13, p = .295, ηp
2 = .03. 
3.5.2 Subjective norm 
With regard to the perceived subjective norm for eco-driving, no differences were obtained. The 
mixed ANOVA showed no significant differences for vehicle type, F(1, 34) = 0.05, p = .825, ηp
2 < .01, 
eco-instruction, F(1, 34) = 0.26, p = .615, ηp
2 = .01, or the interaction of both factors, F(1, 34) = 0.27, 
p = .606, ηp
2 < .01.  
 
Table 5. Descriptive statistics for users' assessments regarding BEV and ICEV eco-driving. 
                       BEV ICEV 
N M SD N M SD 
Perceived behavioural 
control 
38 4.89 0.92 38 5.24 0.71 
Subjective norm 36 4.36 1.00 36 4.33 1.13 
Perceived usefulness 37 1.36 0.47 37 1.07 0.65 
Perceived satisfaction 38 1.24 0.63 38 0.90 0.76 
Behavioural intention 38 4.88 0.93 38 4.47 1.21 
Hedonic value of eco-driving 38 4.95 0.90 38 4.78 0.96 
Note. All scores displayed range from 1 to 6; except for perceived usefulness and satisfaction (van 
der Laan et al., 1997) where scores range between -2 and +2. 
 
3.5.3 Attitudes towards eco-driving  
For attitudes towards eco-driving, the subscales of the applied van der Laan scale (van der Laan et al., 
1997) were analysed. The mixed ANOVA for perceived usefulness resulted in a significant effect of 
vehicle type, F(1, 35) = 10.82, p = .002, ηp
2 = .24. Participants reported significantly higher usefulness 
scores for BEV eco-driving than for ICEVs (Table 5). There was neither a significance detected for the 
interaction, F(1, 35) = 0.07, p = .791, ηp
2 < .01, nor the eco-instruction, F(1, 35) = 0.06, p = .808, 
ηp
2 < .01. Similarly, the mixed ANOVA for perceived satisfaction of eco-driving resulted in significantly 
higher satisfaction scores for BEV eco-driving than for ICEVs (Table 5), F(1, 36) = 9.09, p = .005, 
ηp
2 = .20. Again, there was no significant interaction, F(1, 36) = 0.25, p = .875, ηp
2 < .01, or effect of 
eco-instruction, F(1, 36) = 0.06, p = .814, ηp
2 < .01.  
3.5.4 Behavioural intention 
A mixed ANOVA analysing the reported behavioural intention for eco-driving as a variable directly 
linked to behaviour (Ajzen, 1991) revealed a significant effect of vehicle type, F(1, 36) = 6.17, p = .018, 
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ηp
2 = .146. Drivers reported significantly higher scores for BEVs than for ICEVs (Table 5). There was 
neither an interaction, F(1, 36) = 2.11, p = .155, ηp
2 = .06, nor an effect of eco-instruction, 
F(1, 36) = 0.06, p = .813, ηp
2 = .002. 
3.5.5 Hedonic value of eco-driving 
The mixed ANOVA on subjetcs’ assessments regarding the hedonic value of eco-driving revealed no 
significant differences for vehicle type, F(1, 34) = 3.05, p = .090, ηp
2 = .08, eco-instruction, 
F(1, 34) = 0.65, p = .427, ηp
2 = .02, or the interaction of both factors, F(1, 34) = 3.52, p = .069, ηp
2 = .09. 
3.6 Correlations between subjective assessments about BEV eco-driving and eco-
driving performance 
In order to gain an insight into whether drivers’ assessments regarding BEV eco-driving correspond to 
the eco-driving performance obtained by logger data, the correlations between these variables were 
calculated. As depicted in Table 6, mainly medium to strong and significant correlations were 
obtained between subjective assessments regarding eco-driving and performance for the normal 
condition. Specifically, reported behavioural intention to drive energy efficiently corresponds to 
lower energy consumption in the normal condition. Positive attitudes (i.e. usefulness and 
satisfaction) and a high perceived subjective norm for BEV eco-driving are linked to lower energy 
consumption for normal driving. Although in the same direction, the correlation between energy 
consumption (normal) and perceived behavioural control was rather low and not significant. The link 
between normal energy consumption and participants’ hedonic value of eco-driving was medium 
sized and positive. However, significance and strength of correlations between all subjective factors 
and energy consumption were not present in the eco condition. This low correspondence between 
variables for the eco condition might be caused by the instruction (‘please drive energy efficiently’) 
and external motivation (increased compliance derived from the offer of extra-money) to drive 
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- .37* -.06 -.04 -.23 -.10 .03 -.03 
Consumption 
(normal) 
 - -.36* -.42* -.36* -.24 -.46** -.47** 
Usefulness    - .81** .56** .34* .61** .63** 
Satisfaction     - .52** .32* .50** .58** 
Subjective 
norm  
    - .45** .52** .64** 
PBC      - .59** .54** 
Behavioural 
intention  
      - .86** 
Hedonic value        - 
Note. * = p < .05; **= p < .01; ***= p < .001; PBC = perceived behavioural control. 
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4 Discussion 
The present research aimed to investigate BEV eco-driving competence for BEV inexperienced 
drivers. Specifically, the effects of eco-instructions on three aspects of eco-driving competence 
were examined; on knowledge, behaviour, and performance. Furthermore, motivational aspects 
were taken into account by investigating factors of the TPB (Ajzen, 1991) and a hedonic 
component to BEV eco-driving. These factors were correlated with participants’ eco-driving 
performance and directly compared to the assessments of ICEVs. The research questions were 
addressed in a field study combining drivers’ qualitative and quantitative evaluations with 
variables collected via logger data.   
4.1 BEV inexperienced drivers’ eco-driving competence 
A major aim of the current study was to examine BEV inexperienced drivers’ eco driving 
competence operationalised via three components; knowledge, behaviour, and performance. 
With regard to knowledge, results revealed that uninstructed drivers knew on average two to 
three BEV eco-driving strategies, which is in line with previous empirical findings (Neumann et al., 
2014). After the eco-drive, the number of reported strategies did not increase for the participants 
who did not receive eco-instructions. Additionally, assessed knowledge on BEV eco-driving was 
significantly lower compared to ICEVs for participants of the control group. In sum, these results 
confirm that eco-driving knowledge of inexperienced drivers, in the early stage of the adaptation 
process, is incomplete. When interpreting however the results of the behavioural and 
performance measures derived from the logger data, it becomes apparent that BEV inexperienced 
drivers do have a degree of eco-driving competence. All drivers applied effective strategies, such 
as moderate and smooth acceleration as well as deceleration, which in turn resulted in a 
reduction of energy consumption by about 7%. Empirical evidence indicates that depending on 
driving styles, energy efficiency varies by 14% (Dib, Chasse, Moulin, Sciarretta, & Corde, 2014) up to 
approximately 30% (Bingham et al., 2012). Against these figures, the achieved energy savings 
might seem relatively low. Yet energy efficiency could be influenced by many factors beyond eco-
driving competence, such as route profile, ‘normal’ driving style of drivers, the BEV model or even 
test settings (e.g., usage of auxiliary features). Direct comparisons therefore between different 
studies may be limited in their usefulness. Due to the settings of the current study (e.g., the fixed 
settings of auxiliary functions, the small number of junctions), the potential for energy savings 
was comparably low. Nevertheless, as participants in both groups were able to reduce their 
energy consumption, findings indicate a to some extent successful adaptation to BEVs in this 
regard. Furthermore, observed results of the group of BEV inexperienced drivers are in line with 
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empirical findings of a reduction of energy consumption by solely asking users to drive energy 
efficiently (e.g., Helmbrecht et al., 2013; van der Voort et al., 2001). 
Nevertheless, the origins of such a competence need to be identified. There are several 
possible explanations for this effect. The eco-indicator integrated in the instantaneous power 
meter, which was rated to support eco-driving, may have assisted participants in their task. 
Furthermore, drivers might have intuitively applied their knowledge and skills from ICEV eco-
driving to BEVs. This seems reasonable and could be effective in reducing energy consumption to 
some extent, for instance allowing drivers to apply an anticipatory driving style (e.g., Helmbrecht 
et al., 2013). Yet as some driving characteristics differ between vehicle types, it would be 
advantageous to investigate adaptation processes on the micro-level; for example, a closer look at 
detailed strategies for an efficient handling of the regenerative braking system would be valuable. 
Based on the design of this study, conclusions on adaptation processes of drivers with BEV 
experience beyond initial BEV use are not possible. As it seems unlikely that the adaptation 
process is mainly characterised by bridging the observed gap in eco-driving knowledge, further 
research investigating the development of BEV eco-driving competence, also regarding the 
behavioural and performance component, is required.  
4.2 Effects of eco-instruction on BEV eco-driving competence 
In the scope of the current study, the effects of eco-instructions involving comprehensive 
information about BEV eco-driving strategies were examined on all three defined aspects of eco-
driving competence - knowledge, behaviour, and performance.  Focussing on the knowledge 
component, the eco-instructions led to an increase of reported BEV eco-driving strategies. Drivers 
of the experimental group reported on average five eco-driving strategies; significantly more than 
the number of strategies listed by the control group, and even more than reported by 
experienced BEV drivers (Neumann et al., 2014). Additionally, drivers who received eco-
instructions rated their knowledge about BEV eco-driving to be more or less equal to that about 
ICEVs which was not the case for the uninstructed group. This implies a positive effect of eco-
instructions on the knowledge component of eco-driving. Consistently, we observed positive and 
significant effects of the eco-instructions on drivers’ subjective ratings for applied eco-driving 
behaviour and performance scores. The picture changes however when assessing actual eco-
driving behaviour and performance based on objective logger data. Contrary to the hypothesis, 
eco-instruction had neither an effect on driving behaviour nor on performance during the eco 
condition. Hence it appears as if the eco-instruction might have only affected the knowledge facet 
of eco-driving competence, and was possibly not transferred into action. As drivers’ subjective 
reports also demonstrated significantly higher ratings at the behavioural and performance 
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component, it could be argued that the applied intervention might have led to a generally more 
positive perception or higher confidence in the own eco-driving competence.  The applied 
intervention could therefore be regarded as effective in influencing inexperienced drivers’ 
perceived eco-driving competence, and might also in turn positively influence perceived range 
stress as proposed by others (Rauh, Franke, & Krems, 2015b). This information could be used in 
the design of in-vehicle systems or in the compilation of information for BEV inexperienced 
drivers, for instance in the car-sharing context. 
There was no effect of eco-instructions on energy consumption and corresponding 
behaviour. A reason for this might be that knowledge-based interventions alone do not directly 
affect drivers’ competence on the behavioural facet. This suggests that skill-based components 
need to be integrated to transfer knowledge into action, as carried out by others (e.g., af 
Wåhlberg, 2007). Moreover, the effect of eco-instructions might be covered to some extent by 
the eco-indicator integrated in the test BEV. Although the display was rather simple, participants 
assessed it as being helpful in terms of supporting eco-driving. Such positive effects of in-vehicle 
information systems on BEV eco-driving performance have been shown by Jagiellowicz et al. 
(2014). Furthermore, some of the strategies compiled in the eco-instruction could not be applied 
during the test drive.  Consequently the effect of the eco-instructions is possibly underestimated 
in the current study due to the lack of opportunity to apply strategies reported more often by the 
experimental group, such as the avoidance of auxiliary features.   
4.3 Motivational aspects of BEV eco-driving 
Motivation as a key variable for daily BEV eco-driving was also investigated by applying the TPB 
(Ajzen, 1991) and addressing the hedonic value of eco-driving. These investigations aimed to 
explore two aspects: firstly, the motivational components of BEV eco-driving were compared to 
ICEVs as the drivers’ usual mode of transportation. Secondly, the motivational factors were 
related to eco-driving performance during the study to gain an insight into the link between 
drivers’ reports and their actual behaviour with regard to energy-efficient BEV driving. 
The comparison between ICEV and BEV eco-driving revealed that the factors behavioural 
intention, attitudes (collected via the van der Laan acceptance scale; van der Laan et al., 1997), 
and perceived behavioural control were assessed differently by drivers. More concretely, the 
obtained differences were on the one hand directed towards more positive attitudes and a 
stronger behavioural intention for BEV eco-driving. These findings indicate the potential of BEVs 
to change drivers’ habits towards more energy-efficient driving on initial usage of a BEV. There 
exists already some evidence supporting this assumption as Helmbrecht et al. (2014) found 
drivers adapted their driving style towards eco-driving with BEV experience. On the other hand, 
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perceived behavioural control was assessed lower for BEV than for ICEV eco-driving, independent 
of eco-instructions. As drivers’ real influence on BEV energy consumption is supposed to be even 
higher than with ICEVs (Romm & Frank, 2006), this aspect should be further investigated. The gap 
in perceived behavioural control with regard to BEV eco-driving could be taken into account by 
implementing systems which transparently indicate the influence of driver behaviour on range 
(e.g., Lundström, Bogdan, Kis, Olsson, & Fahlén, 2012).  
Results for the correlations between motivational components, i.e. the factors of the TPB 
(Ajzen, 1991) and the hedonic value of eco-driving, and the logged eco-driving performance, 
revealed predominantly medium effects for ‘normal’ driving. Especially for the applied attitudinal 
measures, subjective norms, and behavioural intentions, significant medium-sized links to energy 
consumption were found during ‘normal’ driving. The correlation of subjective norms and 
behaviour implies an interesting approach to motivate energy-efficient behaviour by social 
comparison also shown by others (e.g., Ecker, Holzer, Broy, & Butz, 2011; Stillwater & Kurani, 
2013). The link between the non-motivational factor of the TPB, perceived behavioural control, 
and obtained eco-driving performance was rather weak, also compared to the results outlined in 
previous studies (e.g., Lauper et al., 2015; Bamberg & Möser, 2007). In the light of Ajzen’s 
assumptions regarding the relative importance of perceived behavioural control and behavioural 
intentions (1991) this result emphasises the meaning of motivational aspects with regard to eco-
driving. Similarly, higher assessed hedonic values of eco-driving are linked to higher energy 
efficiency during normal driving. This medium-sized effect implies hedonic values as important 
factors to motivate eco-driving. In this regard the regenerative braking as a function which is 
appreciated by drivers (Cocron et al., 2013) might also contribute positively and could be 
specifically used to motivate eco-driving behaviour, for example by implementing gamification 
elements (e.g., Diewald et al., 2013). 
In reference to the eco-drive, all observed links found for normal driving were absent. This 
seems logical given that drivers’ actual goals were altered through the instruction to drive energy 
efficiently and the corresponding opportunity to gain additional money. The results therefore 
reflect the often-mentioned potential gap between drivers’ eco-driving competence and their 
actual driving behaviour from a motivational point of view (e.g., Summala, 2007). As factors of the 
TPB as well as hedonic values of eco-driving were linked to eco-driving performance during 
normal driving behaviour, possible interventions might be undertaken seeking to positively 
influence these factors to increase daily eco-driving. One possibility could be the implementation 
of in-vehicle systems currently proposed for ICEVs (e.g., Schießl et al., 2013) and plug-in hybrid 
electric vehicle research (e.g., Stillwater & Kurani, 2013). As the importance of behavioural data 
beyond users’ assessments is often stressed (e.g., Lauper et al., 2015), findings of this study 
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appear to be of specific value. As a subsequent step, the applied measures could be used to 
predict eco-driving behaviour and its changes with BEV experience. Furthermore, research should 
take into account more naturalistic driving data than applied in the current study.  
5 Conclusion 
The current research investigated BEV eco-driving of BEV inexperienced drivers by combining a 
variety of data – namely qualitative and quantitative subjective assessments and logger data.  
Eco-driving competence was examined in terms of knowledge, behaviour, and performance. 
Results imply that even BEV inexperienced drivers are able to reduce BEV energy consumption by 
applying effective eco-driving strategies. The implemented eco-instructions were effective on the 
component of knowledge and the subjective assessments regarding behavioural competence and 
performance which might positively influence perceived range stress. As the intervention did not 
affect actual eco-driving behaviour and performance, it is necessary to investigate supplemental 
skill-based training and feedback. The factors of the TPB as well as the hedonic value of eco-
driving were applied to BEV eco-driving for the first time. The comparisons between motivational 
factors of BEV and ICEV eco-driving revealed more positive attitudes and higher behavioural 
intentions towards BEVs; a potential which should be fully exploited. Especially with regard to the 
different correlations between subjective assessments and energy consumption during normal 
versus eco-driving, results emphasise the strong motivational component of daily eco-driving and 
its discrepancy to actual eco-driving competence.  
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